


LOOKING NORTH: THE VIEW IMPROVES 

The University of Alaska- Fairbanks and the Tech
nical Research Centre of Finland (Valtion teknillinen 
tutkimuskesus, or VTT) have entered into a coopera
tive agreement on research into arctic technical and 
scientific matters. The agreement will lead to exchanges 
of information, publications, and people; it opens the 
door for joint research projects and other cooperative 
activities, to be delineated by future, more specific 
agreements. 

What this accord will mean in the long run remains 
to be seen, of course, but it brought immediate joy to 
this neighborhood- and not just because the next 
office belongs to Bill Sackinger, the person most re
sponsible on the UAF side for bringing about the 
agreement. The satisfaction stems more from what the 
accord could signal. 

First joint effort: Pekka Jauho (left), Director General of the Technical Research 
Centre of Finland, and Patrick O'Rourke, Chancellor of the University of Alaska
Fairbanks, sign the cooperative agreement. (UAF photo by Samuel Winch.) 

Who are these Finns and why are we so happy about 
new links with them? Finland itself has under two-thirds the land 
area of Alaska but ten times Alaska's population-and the wit, 
skill, and experience of that population couldn't be bought for 
all the oil on the North Slope. VTT is a pragmatic research 
institute; its role is to create, maintain, and develop technical 
expertise for Finnish industry, so its activities concentrate on 
applying research and development to specific, concrete prob
lems. This the VTT staff members do-all 2300 of them -across 
a very broad range. For example, UAF researchers are particularly 
interested in starting joint work with their VTT counterparts on 
ice-resisting coatings for vessels and structures at sea; it may be 
some time before anyone here is ready to take advantage of 
VTT's equivalent expertise in computer-aided fabric design and 
the techniques of brewing better beer, but the resource is cer
tainly there if and when Alaska takes the diversified-economy 
image seriously. The breadth shown by VTT reflects a pattern 
typical of Finnish industry. TNE's subscribers may recall, for 
example, reading about Wl:lrtsill:l's icebreakers, model ice-testing 
basin, and ice-worthy ships in pages past, but not about their 
porcelain-even though their Arabia line is in demand world
wide. Thus, the local perception is that we have quite a bit to 
gain from the new Finnish connection, not just in the realm of 
technical fixes to northern problems but also in the effective use 
of the skills and talents of northerners. 

The arrangement is not one-sided: VTT is quite interested in 
Alaskans' work on detecting permafrost, and the dozen-man 
Finnish Technology Mission to Alaska that Director-General 
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Jauho led on this visit was interested as much in markets as 
techniques. Nor is the University's present northern-international 
emphasis one-handed: the Finnish delegation's visit nearly over
lapped with that of a team from the University of Copenhagen, 
Denmark. Furthermore, at about the same time came the official 
announcement (and celebration) of the move of the U.S. head
quarters of the Arctic Institute of North America to the Fair
banks campus-which, since the main international AINA head
quarters are at the University of Calgary, should do no harm to 
our connections with Canada. 

So these are all good starts, and causes for some satisfaction 
hereabouts. For now, perhaps the agreements are mainly aca
demic in both senses of the word, but they are indeed first steps 
in a direction of great concern to Finland, Denmark, Canada, 
and Alaska: North. -Editor 
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GOLD PLACER MINING IN ALASKA 
AND SEDIMENT DISCHARGE 

by Ronald A. Johnson 

BACKGROUND 

The Alaska placer mining industry was 
begun by prospectors moving northward 
into southeastern Alaska from the Cali
fornia gold rush in the 1860s. Significant 
discoveries were made in the Fortymile 
district (near the Canadian border) in 
1886 and in the Birch Creek (Circle) 
district in 1893. The productive Nome de
posits were discovered in 1898. The last 
major placer gold discovery was in 1914 
in the Tolovana (Livengood) area. 

Just before World War II, Alaska was 
leading the U.S. in gold production, with 
a yield of nearly 0. 75M (million) ounces 
in 1940. After a drastic reduction in pro
ductivity during World War II and a virtual 
cessation of dredging during the 1960s, 
gold mining activity increased considerably 
during the late 1970s because of increases 
in the price of gold. In 1981, 0.135M 
ounces were mined, nearly 10% of the 
total U.S. production and slightly more 
than the Yukon production that year.1- 3 

Compared with the 21M ounces per year 
produced by South Africa in 1981,2 the 
Alaskan contribution to the free world's 
gold production is small. The value of the 
gold produced is about 10% of the ex-vessel 
value of all the seafood harvested by Alas
kan fishermen,4 but the impact of placer 

A sluicing operation in interior Alaska. (Photographs courtesy of Ronald A. Johnson.) 

mining on the economy of Alaska is sig
nificant, with around $80 million having 
been spent by placer miners for labor, 
goods, and services in 1982. 5 This is about 
1% of the State of Alaska's gross product. 6 

There are about 700 active mines state
wide, including suction dredging opera
tions,7 with 319 classified as major. 8 Vir
tually all are placers. Placer is defined as 
"a mineral deposit in unconsolidated 
material, usually gravel, the valuable min
erals of which were broken from the rocks 
and deposited at the same time as the 
gravel."9 Hence, such operations involve 
mining placer deposits of gold by hand, 
hydraulic, mechanical, dredging, or drift
ing methods. A mining operation can be 
divided into stripping, sluicing, and dispos
ing of tailings. 

Modern earthmoving equipment-usu
ally bulldozers and draglines-is often 
needed to mine buried placer gold deposits 

profitably in Alaska. The choice of exca
vating equipment, recovery system, and 
disposal of waste material depends on the 
physical characteristics of the deposits as 
well as on the water supply. Sometimes 
"hydraulic giants" (Fig. 1) are used to re
move overburden from the placer deposits. 

Figure 1. A typical hydraulic giant. 

Operating at a pressure exceeding 100 
pounds per square inch (psi), these may 
use up to 50,000 gallons of water per 
minute (gpm). 10 After the overburden is 
removed by mechanical or hydraulic 

Dr. Ronald A. Johnson is an associate professor of mechanical and environmental quality engineering at the University of Alaska
Fairbanks. He has performed research relating to both environmental engineering and energy utilization. 
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means, the gold is separated from the less 
valuable minerals by moving the paydirt 
through a sluice box (Fig. 2). The amount 
of paydirt processed this way may range 
from 20 to over 50,000 cubic yards per 
day for commercial operations. For an 
average operation processing 100 cubic 
yards per hour, a characteristic water use 
is 4000 gpm. 7 Based on an analysis of sev
eral collections of data, Zemansky believes 
this figure is too high by almost a factor 
of two. 11 The recoverable gold in the pay
dirt usually would be at least .01 ounces 
per cubic yard. 12 

This article deals with one placer min
ing problem: the impact the particulates 
in process water have on the receiving 
stream and the engineering solutions for 
mitigating this impact. Where streams are 
significantly affected by turbid discharges 
that contain heavy metals, most of the 

solids larger than about 1 micron in size, 
determined by filtering a water sample. 15 

Some of these suspended solids may be 
settleable (SS). In practice, SS are deter
mined by allowing the solids in a water 
sample to settle to the bottom of an Im
hoff cone during a one-hour period. 16 

Another method of measuring the impact 
on streams is by measuring turbidity, 
which refers to the tendency of water con
taining particles to scatter light. If the 
scattering is measured at right angles to the 
incident radiation, the turbidity is meas
ured in nephelometric turbidity units 
(NTU). For forward scattering, the units 
are Jackson turbidity units (JTU). Al
though the relationship between turbidity 
in NTU or JTU and suspended solids in 
TSS is extremely complex, a very crude 
approximation is to assume one increases 
with the other and they are often of the 

Figure 2. Water pours down a sluice box during mining operations. 

metals are transported with the particu
lates.13 A recent study made this strikingly 
apparent: the mean suspended arsenic 
concentration below the sluices of 15 
mines sampled was about 200 times greater 
than the dissolved arsenic. 14 Hence, par
ticulate removal should significantly lower 
heavy metal transport. 

The receiving streams of most concern 
here are the non-glacial ones which typi
cally transport less than 100 milligrams 
per liter (mg/1) of suspended solids (TSS) 
during summer, perhaps an order of mag
nitude less than that carried by glacial 
streams. 10 As used here, TSS are those 
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same magnitude. 14 Turbidity is not the 
same as color, which is caused by the pres
ence of dissolved matter. 

REGULATORY STATUS 

The current situation of placer mining 
in Alaska with respect to environmental 
regulations is replete with inconsistencies. 
The turbidity standards for discharge wa
ters essentially are not being enforced. The 
Alaska Department of Environmental 
Conservation (ADEC) encourages opera
tors to build settling ponds and to operate 
them properly. About one-third of the 
170 mechanized operations visited by an 

Alaska Department of Natural Resources 
survey team had installed settling ponds 
by the summer of 1982.17 ADEC claims 
that north of the Alaska Range this frac
tion is closer to two-thirds. 12 Provided 
that legitimate settling ponds are being 
used, ADEC generally has not taken legal 
action for those mines with effluents that 
do not meet turbidity standards-essen
tially all the placer mines in Alaska. But 
where multiple use conflicts exist and 
excess turbidity causes a deleterious ef
fect downstream, water quality standards 
will be enforced. 18 Streams in this cate
gory include the Chena, Salcha, and 
Chatanika rivers near Fairbanks. 

On the federal level, the Federal Water 
Pollution Control Act Amendments of 
1972 (Public Law 92-500) provided for 
the establishment of effluent limitations 
for certain types of industrial operations, 
including mining, and water quality stan
dards for natural surface waters into which 
effluents are discharged. Section 301 of 
this Act required the establishment of 
technology-based effluent limitations on 
industrial discharge in accordance with 
certain guidelines. These guidelines are to 
be specified in permits issued under the 
National Pollutant Discharge Elimination 
System (NPDES) of Section 402. The 
Clean Water Act Amendments of 1977 
(PL 95-217) altered some deadlines estab
lished by PL 92-500 and established July 
1, 1984, as the date by which all industries 
must meet Best Conventional Technology 
(BCT) for conventional pollutants (includ
ing TSS) and Best Available Technology 
(BAT) for toxic pollutants. Establishing 
just what is meant by BCT or BAT for gold 
placer mining is the crux of the problem 
in Alaska. The U.S. Environmental Protec
tion Agency (EPA) had determined BCT 
for virtually all industries by June 1983, 
but not for gold placer mines. According 
to the Federal Register of June 14, 1982, 
"In the absence of more information re
garding the environmental benefits and 
economic impact of regulating gold placer 
mines, the placer mining subpart ofthe ... 
gold ... subcategory is reserved ... while 
the Agency solicits additional information 
on which to make a decision." Again, in 
the December 3, 1982, Federal Register, 
"EPA still has no data upon which to base 
an economic assessment of gold placer 
mines and does not have sufficient tech-
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Excavation pit at a placer mine. 

nical data to promulgate or propose lim it
ations for gold placer mines." 

In the mid-1970s, EPA issued 168final 
NPDES permits and around 269 in 1983. 
This left hundreds of large operations (in
cluding suction dredges) without permits. 
In the absence of permits, there were no 
discharge limits or monitoring require
ments for these sites. This large number 
of unpermitted operations using similar 
hydraulic and mechanical separation tech
niques originally led EPA to propose a 
Draft General Permit for Commercial 

Placer Mining Operations in Alaska. 7 The 
expiration date for this permit was to 
have been December31, 1983.19 However, 
this idea was abandoned, and EPA issued 
several hundred individual permits in June 
1984.2° These perm its do not differentiate 
among mines by size, as had been contem
plated earlier, and address Best Available 
Technology that is economically achiev
able. EPA collected data during the 1983 
field season for a technical and economic 
analysis to determine BAT. If miners 
apply for and comply with a "309 
Compliance Order," EPA will not prose
cute them for turbidity violations. The 
309 Order allows a miner one to two 
years to purchase recycling equipment. 

The conditions of these perm its include 
a monthly average and maximum SS in 
the effluent of 0. 7 and 1.5 ml/1, respect
ively, and require that the permittee meet 
Alaska water quality standards with 
respect to turbidity, arsenic and mercury. 
By law, EPA's permits must be consistent 
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with state water quality standards. In 
Alaska, this means essentially that the 
turbidity increase above natural levels 
may be no more (and sometimes less) 
than 25 NTU after the mine effluent has 
mixed with the stream and that the 
arsenic and mercury levels in the effluent 
must be less than 0.05 and 0.002 mg/1, 
respectively. These levels would normally 
be measured 500 feet downstream of the 
discharge. ADEC has waived certification 
of these permits, meaning that Alaska is 
not officially objecting to them. (By 
certifying these permits, ADEC would be 
stating that adherence to the permits will 
satisfy Alaskan water quality standards.) 

Since almost all streams in Alaska are 
considered drinking water supplies, Alaska 
water quality standards are applicable to 
all mining operations. But, as a matter of 
policy, they are not being enforced for 
many watersheds, especially those that 
have traditionally been heavily mined. The 
State of Alaska is currently promoting 
the practice of well-designed and operated 
settling ponds, and intends to concentrate 
enforcement action on high-priority 
streams. The State also would like to eval
uate the opportunities for stream reclass
ification, and issued a request for propos
als in June 1984 for a "Use Attainability 
Study." However, reclassification does not 
now offer much promise because of fed
eral regulations. 21 The State is in favor of 
more research to evaluate and develop 
innovative pollution control technologies 
and reexamine the adequacy of current 

standards. To this end, the legislature re
cently passed a bill to provide grant money 
for recycling. 18 The mining community 
believes the water quality standards im
posed by the permits are virtually impos
sible to attain economically. The new SS 
standards, though more tolerable than the 
old monthly averages of .2 ml/1, are still 
too strict. 22 

To provide some perspective, it is help
ful to compare these Alaskan regulations 
with those of other parts of North Amer
ica where placer mining is practiced. New 
guidelines have recently been proposed in 
the Yukon to replace those that have been 
in effect since 1976. The Controller of 
Water Rights, Department of Indian Affairs 
and Northern Development (OlAND), 
would use these guidelines to attach con
ditions for authorizations for the use of 
water in placer operations. Along with 
OlAND, the Departments of Environment 
and of Fisheries and Oceans (DOE and 
DFO) agree that a new or revised frame
work is needed to manage placer mining. 
DFO and DOE suggest that placer mining 
must be regulated to protect fish and wild
life habitat and associated resources. This 
has led to recommended upper levels of 
TSS in the effluents of 0 mg/1 for all Class 
A waterbodies and 100 mg/1 for all B and 
C streams. The A streams are those with 
high biological significance, including 
spawning areas for salmon and trout, 
while the B streams are those of moderate 
biological significance, including the rear
ing of salmon or trout or the maintenance 
of good habitat for grayling, pike, and 
whitefish. There are less strict standards 
for Class D or the X streams that have a 
reduced biological capacity from past 
placer mining. The standard for Class A 
essentially means that recycling is re
quired.23 Compliance is expected for 
Class A and B streams by 1 984 and for C 
by 1988.24 It has been estimated that 
about 50% of the Yukon placer miners 
will be required to meet the 100 mg/1 
standard.3 

As of 1977, placer gold mines with 
NPDES permits numbered two each in 
California, Idaho, and Oregon. Each of 
these states had many mines operating 
under state permits that prohibited dis
charges to surface waters, and hence did 

not need NPDES permits. One of the two 
NPDES permits in California specified a 
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value of less than 30 mg/1 TSS for a 30-day 
average and that the discharge not increase 
the turbidity of the receiving waters more 
than 10% over background levels. For the 
two permits in Idaho, the SS have a daily 
maximum of 0.2 ml/1 while the effluent 
turbidity (before mixing) may be no more 
than 5 JTU above the background. 10 In 
1982, all but one of the placer mines in 
Oregon were practicing zero discharge. 
Idaho had the same situation in 1980. 
There are currently hundreds of placer 
mines in Washington; the number having 
zero discharge is unknown.U 

EFFECTS ON HYDROLOGIC SYSTEMS 

which in turn can greatly decrease survival 
of fish eggs and fry. 

A classic paper that reviewed investiga
tions on streams inhabited by salmon and 
trout, in addition to presenting field data 
obtained by the authors, concluded that 
in most cases the fish population is harmed 
indirectly through changes in their habitat 
or destruction of the food supply, eggs, 
or alevins long before the adult fish are 
directly harmed. 26 Of course, the fish can 

The heavy sediment loads covered farm 
lands with soil, and sand washed into the 
American and Yuba rivers. King salmon 
runs were at least temporarily destroyed 
and many miles of streams made unfit for 
trout? 8 Public sentiment led to a series 
of mild legislative acts that were only par
tially effective. Finally, in 1912, the Cali
fornia State Legislature passed a law that 
made the mining companies impound their 
tailings or cease operations. 29 

Hundreds of papers have been written 
in the last half century concerning the ef
fects of sediment on hydrologic systems, 
with many focusing on the impact on aqua
tic life. A recent and very relevant one is 
a U.S. Geological Survey review. 25 Al
though only a minority of the reports re
viewed dealt with placer mining directly, 
any land disturbance that introduces sedi
ment into the stream system can provide 
useful information. Some of the significant 
physical effects include increased turbidity 
with reduced light penetration, channel 
alteration including pool-riffle ratio and 
scouring characteristics, and changes in 
stream bottom material including changes 
in the particle size distribution which can 
alter the rate of water flow within the 
gravel bed. 

Over 50% of Alaskan placer mines use settling ponds. 

Effects on aquatic plant life include 
reduced growth of algae and macrophytes 
because of the loss of photosynthetic ac
tivity and a physical smothering of plant 
life on the bottom. The abundance and 
diversity of benthic invertebrates is re
duced because of the decreased plant life, 
the fine sediments that clog the animals' 
feeding apparatus, and the loss of suitable 
substrate habitat. The community com
position will be changed from clean-water 
species to those more adaptable to high
er sediment levels. 

Fish life is affected by lessened avail
able food due to production decreases at 
the lower trophic levels, interference with 
sight feeding by salmonids, and reduction 
of pool levels. By increasing the percentage 
of fines in spawning gravels, increased sedi
ment loads can reduce intergravel flow 

be influenced without being killed. For 
instance, king salmon avoided the muddy 
waters of the Yuba River, California, and 
sought the clear water of a small tributary. 
They gathered in such concentrations that 
previously constructed redds were torn 
up. In the main stream, conspicuous num
bers of salmon were attracted to clear 
streaks along one side. 

Mining silt deposited on gravel spawn
ing beds during incubation has been shown 
to be a serious menace to natural propaga
tion. 27 Timing is crucial: natural stream 
turbidity is limited to those times when 
storm water causes erosion and when dep
osition of silt in spawning areas is minimal, 
but mining silt frequently enters streams 
at times when the water velocity is unable 
to carry the sediment in suspension. Thus, 
while the silt may be natural material, its 
presence during nonerosion periods results 
in bottom deposition which is both unnat
ural and damaging. 

In the latter half ofthe 1800s, hydraulic 
rates and hence reduce the oxygen trans- gold mining caused extensive damage in 
port capacity of the interstitial water, the Sacramento and San Joaquin valleys. 
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The natural survival rate of incubating 
salmon eggs is normally quite low. Mc
Neil30 calculated an average egg-to-fry 
survival of only 8% for three species of 
salmon in a dozen streams in Alaska and 
British Columbia. Much research has estab
lished that the presence of fines in the 
redds reduces survival and fry quality. 31-34 

For instance, in one study with sockeye 
salmon, survival from egg to fry decreased 
from about 90% to 15% as the apparent 
water velocity in the gravel decreased 
from 0.034 em/sec. to 0.0005 cm/sec.32 

Here apparent velocity is related to the 
actual interstitial velocity of water in the 
pores. Although the details are complex, 
the faster the water flows through the 
pores, the more rapidly oxygen can be 
supplied to incubating eggs to supply their 
metabolic needs. 35 For a given stream 
slope, the less silt is deposited in a spawn
ing area, the more rapidly water will flow 
through the pores. 

Several other Alaskan studies concern
ing the effect of placer mining on water 
quality should be mentioned. The Alaska 
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Water Laboratory studied water quality 
at mines in six mining districts in Alaska.36 

Significant populations of fish and/or fish
food organisms were found in clean water 
above the mining operations but were 
either absent or much scarcer in the highly 
turbid waters below the mining operations. 
In the worst case, a turbidity of 110,000 
JTUs occurred just below a stripping oper
ation. A review concluded that informa
tion specific to placer mining in Alaska is 
particularly lacking and little research is 
being supported. The authors concluded 
that sound evidence existed that TSS 
levels below 25 mg/1 produced no harmful 
effects on fisheries while 100-400 mg/1 
was unlikely to support good fisheries. 37 

There is a strong basis for believing that 
placer gold mining can affect fish repro
duction, growth, and survival. 10 Further, 
streams subjected to unnatural silt loads 
may require from 5 to over 20 years to 
recover once the sediment source has 
abated. 38 A continuing study supported 
by the EPA has the confluence of a mined 
and unmined fork of Birch Creek as its 
primary area for field work. 39 It has been 
found so far that both SS and TSS are 
much higher in the mined fork and that 
algal productivity is much higher in the 
unmined fork. Invertebrate density is 
much higher in the unmined fork; very 
few organisms comprising very few taxa 
can be found in the stream receiving placer 
mining effluents. Caged fish from the 
mined fork had reduced fat tissue around 
their internal organs compared with the 
control caged fish. 

In the Yukon Territory, 40 mined 
sites were studied that had been aban
doned between 1915 and 1980; stream
flows ranged from .1 to .5m3 /sec.40 Phys
ical characteristics such as velocity and 
substrate characteristics were the greatest 
limitations to grayling habitat recovery. 
To restore placer-mined wide valleys to 
control levels required 29 to 72 years to 
restore the physical habitat, and 20 years 
to restore the water quality. No recovery 
trends were noted in the narrow valleys. 
The lack of channel stability and placid 
flow areas were the most limiting factors 
to habitat recoveries. 

A good summary of the rationale for 
the proposed TSS standards for the Yukon 
appears in the Department of Fisheries 
and Oceans Guidelines. 23 Numerous stud-
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ies were quoted demonstrating the signifi
cant effect that small increases in sediment 
can have on salmon egg and fry survival. 
For instance, a 12% increase in TSS for the 
Coquitlam River in British Columbia led 
to a 55% decrease in salmon egg survival ;41 

elsewhere, TSS concentrations of 1 00 mg/1 
reduced coho salmon feeding by 45%, with 
feeding ceasing altogether when the TSS 
was greater than 300 mg/1.42 The summary 
implies that the greatest danger posed by 
sediment in streams is not its acute effects 
but the more subtle effects that can inter
fere with an organism's capacity to sur
vive. 

ENGINEERING CONSIDERATIONS 

Conventional technology for removing 
TSS involves sedimentation, and filtration 
where sedimentation is not sufficiently 
effective. Other options include coagula
tion followed by sedimentation and cy
cloning or centrifuging. In practice, if the 
particles to be removed are sufficiently 
large and dense, sedimentation in settling 
ponds is the method of choice for placer 
mining. 

Settling ponds are only effective in re
moving particles down to a certain size. 
For example, R and M Consultants found 
that the efficiencies of settling ponds at 
16 mine sites were strongly affected by the 
amount of small particles in the materials 
being mined. 14 One correlation showed 
how the removal of TSS decreased as the 
percentage of material smaller than 20 
microns-in the silt size range-increased. 
At three of the 16 mines, the paydirt was 
comprised of more than 10% by weight 
of particles less than 20 microns in di
ameter. 

About 60% of the Yukon placer mines 
use settling ponds.43 Over 50% of the 
placer mines in Alaska use such ponds. Of 
46 mines having settling ponds that EPA 
surveyed during the 1982field season, 19 
were judged to have good settling ponds. 7 

Closer scrutiny of the data used by EPA 
indicates that those settling ponds that 
performed poorly had one or more serious 
design or operational flaws. For example, 
short-circuiting of the flow through one 
or more ponds has been frequently cited 
as one shortcoming.44 Sometimes, a pond 
becomes filled with silt; it can be under
sized, so that only the coarsest particles 
settle. Even with a well-designed and prop-

erly operated pond, unavoidable phenom
ena such as wind-induced turbulence and 
thermal mixing will make its performance 
less than ideal. Hence, one would not ex
pect settling ponds normally to remove 
particles smaller than 10 microns. With 
turbidity being partially attributable to 
such particles, it is not difficult to under
stand why turbidity standards are almost 
impossible to meet with settling ponds 
alone. 

Sometimes filtration through piles of 
tailings occurs naturally and reduces the 
discharge of TSS. In the Yukon, according 
to the water use information files, some 
filtration occurred about 25% of the time 
in old tailings.43 In one operation just 
north of Fairbanks, the total effluent 
stream gradually percolates into the 
ground over a distance of several thousand 
feet so there is really no surface discharge. 
If one can reduce water use by preclassify
ing gravels before sluicing, settling pond 
performance would be enhanced because 
particle detention time in the pond would 
increase. 

One promising technology is water re
cycling. Out of necessity, a few mines in 
Alaska already practice at least partial 
recycling. In the Yukon, at least 20% uti
lize some degree of recycling. 24 From the 
miner's perspective, the crucial issue in 
adopting recycling is its cost. Such items 
as wear on pumps caused by recycled 
waters having more turbidity than once
through process waters and the effects of 
recycling on gold recovery are important 
considerations. 

At an evidentiary hearing in Anchorage 
in March of 1981, Trustees for Alaska 
asked that the Alaska Placer Miner's Asso
ciation and EPA require that recycling be 
adopted as Best Practical Control Tech
nology. Testimony presented at that hear
ing indicated the immediate need for more 
data. For instance, not one bit of hard 
data was presented to substantiate the 
claim by the Alaska Placer Miner's Asso
ciation that recycling will reduce recovery 
of fine gold. According to U.S. E.P.A., 7 

"an average expected gold loss has been 
suggested to be 5%," but this does not 
appear to be backed up by sound engineer
ing data. In fact, Lin found thatthe recov
ery of 48 x 65 mesh gold is not affected 
as the TSS content of sluicing water in
creases from 0 to 1 0%.45 
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Recycling should not significantly 
decrease the settling velocity of gold in a 
sluice box because the specific gravity of 
gold ( 19) is so large. Hinde red settling 
may cause a reduction in settling velocity 
of a few percent if the media density in· 
creases by, say, 1% due to recycling. But 
this effect could easily be counteracted 
by decreasing the liquid viscosity by 
warming the recycled water. Even though 
these ideas need experimental verification, 
based on the evidence there is no a priori 
reason to discount recycling because of a 
detrimental effect on gold recovery. If 

A recycling pump in operation. 

recovery decreases because the riffles be
come packed with silt, then the sluice 
box should be cleaned more often. 

In a laboratory experiment not involv
ing the recycling of sluicing water, Kailing 
and Green found that the liquid density 
increased by about 2% after one recycle of 
water used to strip overburden.46 Others 
have found that flocculation is a significant 
factor in the deposition of most fine silt 
and clay sediments and of many coarser 
sediments.47 Hence, the equilibrium dens
ity after many cycles may be satisfactory 
for gold recovery. A laboratory test loop 
is now being used at the Institute of Water 
Resources at UAF to help address this 
question. Concerning extra wear on pump 
impellers, Patton has used the same 
impeller for several years in pumping 
recycled waters in the Fairbanks mining 
district.48 As to viscosity, if the solids 
concentration does increase appreciably, 
the magnitude of any viscosity increase is 
highly dependent on the nature of the 
dissolved material added to the water. 

An excellent start to assessing the 
costs of wastewater treatment, including 
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recycling, has recently been documen
ted. 23 By collecting data from mining 
operations in the Yukon and British 
Columbia, the authors derived a cost per 
yard of paydirt assuming 70 cubic yards 
per hour of paydirt is processed with 
4000 gpm of water for a 7.5 hour mining 
day. The total costs per cubic yard are 
14e, 60e, and 84e to achieve effluent 
TSS of 1000, 100, and 0 mg/respectively. 
The middle case requires some recycling, 
with complete recycling for the third 

case. If flocculants are used, the addition
al cost is less than 2e per cubic yard 

washed.49 With 100% recy
cling, there should be no 
cause for concern about the 
impact of the coagulants on 
the receiving waters. 

In all cases considered, the 
cost of building a sufficiently 
large settling pond would be 
less than $7,000. More 
economic data on recycling 
will be available in 1985 
upon the completion of an 
ADEC-sponsored study on 
recycling. 

One can see the need for 
more accurate baseline data 

by considering the financial figures men
tioned in the introduction. Presumably, 
the $80M spent annually by miners in 
Alaska in 1982 is less than the value of 
the gold mined during that year. If one 
takes the estimate of 0.088M oz of 
gold produced in the Eastern Interior 
Region8 in 1982 and assumes this gold 
was worth an average of $450/oz, the 
net income of miners in the Fairbanks 
area would be about $40M. This is 
$8M higher than the $32M spent by 
placer miners in the Fairbanks area for 
labor, goods, and services in 1982.5 

Since we don't know the exact cor
relation between gold produced in a 
given region and resulting expenditures 
in Fairbanks, we cannot draw any de
finitive conclusions about the net profit
ability of placer mining from these 
income and expenditure estimates. Such 
definitive results would be invaluable in 
assessing the economic impact of various 
water pollution control strategies on the 
industry. 

To calculate a definite cost for pollu
tion control, one must consider the 

particulars of a given site. For instance, 
space may severely limit the size of a 
settling pond in a narrow valley. The 
particulars about a given paydirt will help 
determine the required surface overflow 
rate for a settling pond. Maybe recycling 
will impair gold recovery in some cases. 
But, especially with development of new 
technology, recycling may enhance gold 
recovery. If some of the gold is being 
deposited in the bottom of a settling 
pond, it may be recoverable, perhaps by 
cyclonic separation. 50 

CONCLUSIONS 

• Decades of data in the western part of 
North America show clearly that intro
duction of large amounts of suspended 
sediment into streams is detrimental to 
aquatic life. Untreated placer mining efflu
ent waters can introduce substantial 
amounts of particulates into receiving 
waters. 

• Properly designed and operated settling 
ponds can efficiently remove settleable 
solids. However, because of the presence 
of clay and silt, turbidity removal is much 
more difficult. In particular, the Alaska 
water quality standards on turbidity are 
virtually impossible to attain with settling 
ponds alone. 

• Serious consideration should be given 
to recycling or other appropriate technolo
gies as a means of preserving water quality. 
More research is needed to quantify the 
economics of recycling. 

• Up to the present, existing environ
mental regulations have not been rigorous
ly enforced by either the state or federal 
governments. This has both displeased 
those concerned with protecting environ
mental quality and caused the miners to 
wonder which regulations they must ac
tually obey. 

• It is my opinion that enforcement ef
forts in Alaska should be focused on pro
tecting water quality in multiple-use areas 
such as the Chena, Salcha, and Chatanika 
rivers. 
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by Brian A. Emerich 

Our entry in the State of Alaska's 
energy-efficient home design competition 
had two goals: first, to produce an energy
efficient house that could be built success
fully in most of the populated areas of 
coastal Alaska, and second, to develop 
appropriate technology that would be 
effective throughout Alaska. All the alter
native energy methods proposed for this 
house had been used in similar forms in 
some of our previous works; each of these 
projects had achieved energy efficiencies 
as high as,or higher than, we had predicted. 
Thus we were confident that this design 
would reduce energy consumed for pur
poses other than cooking by about 75 
percent compared to a standard house on 
a similar site. 

SOUTH ELEVATION 

SITE 
The home was planned for a lot at 20 

mile North Glacier Highway outside 
Juneau. The site is steeply sloping, a situa
tion typical for most of coastal Alaska 
south of the Bering Sea. Juneau's climate 
is maritime, with a normal January tem
perature of 25° F and a July normal of 
55°F. Periods of severe cold are generally 
brief and are caused by strong northwest 
winds funneling through mountain passes. 
These "Taku" winds sometimes gust 
through the channels to the northwest 
and southeast, and are occasionally strong 
enough to cause considerable damage. 
From February to June, monthly precip
itation averages about three inches of 
water-equivalent. Beginning in July, pre-

PLYWOOD SIDING 
GROOVES 4" O.C. 

(I) 
I 

(I) 
C\1 

cipitation steadily increases, peaking in 
October with a monthly average above 
seven inches. From November through 
January precipitation declines again. 

Temperature and precipitation vary 
greatly within a very small area; such 
microclimates are again typical of Alaska's 
rugged coastal areas. The weather station 
at the airport, located on relatively low, 
flat terrain in the path of air draining from 
the Mendenhall Glacier, averages about 
ten days a year with minimum tempera
tures below zero. The city of Juneau is 
built on steep slopes and averages only one 
day a year with subzero readings. Juneau's 
maximum yearly precipitation is almost 
twice that recorded at the airport, even 
though the rain gauges are only eight miles 

Brian A. Emerich, A. I. A., has 13 years of experience in architecture and construction. He holds a bachelor of architecture degree 
from the University of Colorado, studied arctic engineering at the University of Alaska-Fairbanks, and currently is a Special Situa
tion Manager in his own office. His interests are energy conservation and solar energy utilization. This is another in our series on 
house designs submitted in the Alaska Energy Center/Division of Energy and Power Development residential design competition. 
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apart. We could safely assume, therefore, 
that we would be dealing with a cool but 
not bitter climate, heavy precipitation, 
and possibly severe winds. With all the 
rain and clouds, one could well ask if 
solar still works. In a word, yes. 

DESIGN 

The house is basically an earth-sheltered 
home, buried on three sides and partially 
over the roof but with the south face ex
posed to take advantage of available sun
light. The steepness of the particular site 
permits burying a full two-story house 
without the need for berming, but the 
same design would be used on more gentle 
slopes if berms were used; the techniques 
could also be adapted to a one-story 
structure. (Partially buried houses are, of 
course, not suitable for permafrost 
terrain, but permafrost is not a problem 
in Southeastern.) 

The layout is similar to that of a con
ventional three-bedroom contemporary 
home, with a combined country kitchen/ 
dining/living room, playroom (likely to 
be quite useful for a family living in a wet 
climate), two bathrooms, and an attached 
garage. There are also some specialized 
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spaces to serve the energy-efficient aspects 
of the design: an atrium, arctic entry, and 
space for thermal storage. All areas of the 
house are interconnected by an air circu
lating system tapping the various solar 
heat sources and the air-to-air heat ex
changer. 

The earth sheltering mitigates any poss
ible wind problems and enhances energy 
efficiency, but does make waterproofing 
an even more important concern than it 
would be for a building on grade in this 
location. To prevent seepage problems, 
we specified an underground sheathing of 
Volclay TM panels, which are made of 
sodium bentonite. The bentonite swells 
when wet, forming a gel-like mastic that 
seals out water and is self-healing if dam
aged. The dry bentonite is used to fill the 
center flutes of 4' x 4' corrugated kraft
paper panels. The paper makes the mater
ial easy to handle and apply but is biode
gradable. After the paper decomposes, it 
leaves behind a layer of impermeable 
mastic clinging to the walls and slab. 

ENERGY ASPECTS 

Energy-efficient design includes conser
vation of energy consumption, conserva-

TYPICAL 

tive use of materials, practical and effec
tive building practices, and the use of 
renewable resources. The actual perfor
mance of the house, that is, energy-effi
cient use, becomes a product of both 
design and the inhabitants' practices. An 
architect can provide permanent built-in 
features, such as insulation, and dynamic 
features, like window shutters and open
able vents; the key to the success of the 
latter is to make these features easy to 
operate and compatible with the residents' 
lifestyle. 

Energy Use 

A house built mostly underground is 
surrounded by a medium of great thermal 
stability. The earth has a continual (al
though usually low) flux of heat from its 
interior, provides insulation and potential 
solar heat storage, and prevents unwanted 
infiltration of cold air. 

Wjndows on the south side of the home 
provide natural lighting. Exterior rollup 
shutters for the windows can be lowered 
to reduce heat loss through the glazing 
when no solar gain is possible. 

The building is designed to be efficiently 
(rather than heavily) insulated with a large 
thermal mass. 
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Materials/Practice 

The basic concrete structure is insulated 
with rigid foam and covered with earth. 
We intended to use foams - not contain
ing formaldehyde - suitable for below
ground application with R-values up to 
7.2 per inch. The interior is to be of con
crete, wallboard and plaster. Unquestion
ably this house will cost more to build 
than would a standard home. It requires 
extensive excavation and concrete work, 
neither of which is inexpensive (see con
cluding section). However, the materials 
and techniques are for the most part stan
dard. The particular demands of this design 
are modifications of standard details and 
should require no specialized labor. Fur
thermore, materials and systems selected 
would require low maintenance. Although 
initial costs are higher, life cycle costs are 
lower than with conventional construction 
and heating techniques. In our previous 
energy-efficient structures, we have found 
that the initially higher cost has had a pay
back period as short as four years. 

Energy Sources 

This is essentially a solar-heated house. 
Juneau lies at approximately 58°N, which 
means that the most desirable angle for 
solar collection would be 73° (58 + 15). 
We chose to use vertical collectors because 
the 90° angle is far more economical to 
build and maintain but loses only 3% in 
efficiency. The south wall is a combination 
of glass, solar panels, and a built-in green
house. The home's windows act as passive 
solar collectors; part of the glazing covers 
a Trombe wall, which collects heat when 
the sun is shining and releases it as the 
house cools down at night. The solar col
lector panels represent a refinement of our 
earlier designs. Now connected to a heat 
pump for preheating domestic hot water 
in this house, they no longer need an anti
freeze closed loop, which simplifies install
ation and reduces maintenance. (We esti
mated that this part of the system could 
save up to 50% of the typical water heat
ing costs.) 

Water from the solar collectors may also 
be shunted to thermal storage. Storing 
heat is an important attribute of the over
all design; the house itself is sufficiently 
massive to serve as the first line for storage. 
However, we have also incorporated a 
specific thermal storage area stocked with 
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phase-change material-Thermal 81 Ener
gy Rods TM which have a melting point of 
81°F. Hot air from the house and the 
woodstove is also passed into the thermal 
storage. 

Because this home was designed for the 
"Urban" portion of the competition and 
would have access to reliable city utilities, 
we would incorporate a set of electronic 
controls into the heating system. A C-120 
microprocessor monitors all sensors and 
controls total operation of the solar sys
tem. When there is a temperature differ
ence of 20° F or greater between the solar 
collector and the bottom of storage, the 
C-120 engages output #1, which then 
turns on the fan and energizes the 24-volt 
transformer. The transformer in turn oper
~~~e~m~rmomrmo~n~e~m~ 

ers, allowing the hot air to flow from the 
collector through the thermal storage and 

back to the collector. Whenever the tem
perature difference declines to less than 
20° F, this system will shut down. A tem
perature-monitoring sensor is connected 
onto the discharge side of the water coil 
in the thermal storage; another, in the top 
of the storage box, can signal the system 
to shut down whenever the box reaches a 
high temperature of 179°F. A separate 
system, based on a C-130, is connected to 
the woodstove. Whenever the woodstove 
reaches a temperature of 110°F, the sys
tem opens dampers allowing the house 
return-air system to take the warm air 
from the room in which the stove is oper
ating and send this warmed air through the 
storage box and then to rest of the house. 

COST 

Our calculations produced an estimate 
of an 8.6% construction cost increase for 
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this home over a conventional house of 
the same size. In Juneau (late 1981 ), a 
typical 2000 square foot house would have 
cost about $125,000 to build, so one con· 
structed to our specifications would have 
cost $137,625. 

Exactly what annual savings in energy 
expenditures that additional $12,625 
would buy the homeowner is difficult to 
pin down. Table 1 gives our estimates, 
which we believe are conservative. For ex
ample, the total window area in this house 

TABLE 1 

Lights 
Hot Water 
Heating 

Total 

Annual Energy Costs 

Conventional House 

$410 
$ 112 

$2200 

$2722 

Earth-Sheltered Solar House 

(-15%) $349 
(-33%) $ 75 
(-60%) $880 

$1304 

Savings 

$ 61 
$ 37 
$1320 

$1418 

Assumptions: Both houses of 2000 ft2 area located in Juneau; 9500 degree days; con
ventional home has 4" of fiberglass insulation in the walls, 6" in the ceilings; electric 
lights and hot water heater, oil-fired furnace; electricity @ 4.&i/kWh, oil@ $1.10/gal. 
The percentage reductions are based on the performance of past projects. 
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is approximately the same, or less than, 
that in a conventional home of identical 
size- but here all the glass faces south, so 
the windows may gain as much heat by 
day as they lose by night. If the home
owner uses the insulated shutters consist
ently, the heat gain-loss balance would 
improve further. It is also difficult to cal
culate heat loss through the walls. Should 
one use the low outside air temperature 
of -10°F or the earth's temperature at the 
wall of 50° F? Clearly neither is completely 
accurate. Infiltration, which plays a large 
part in most conventional heat loss calcu
lations, is not much of a factor here, nor 
is heat loss because of wind. 

Taking the estimates in Table 1 as rea
sonable, and assuming an inflation factor 
of 7% per year on energy costs, the home
owner would pay back his higher con
struction expense out of energy savings in 
under seven years. We therefore believe 
that this project is feasible for long-term 
financing. + 
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The Fairbanks Monsoon 
by Sue Ann Bowling 

Table 1 Temperature is not the only aspect of 
climate that changes regularly with time 
of year. Precipitation (including both rain 
and the water content of snow) also varies 
with time of year and over long periods 
of time, as can be seen from Table 1 and 
Figure 1. Table 1 shows monthly means 
for Fairbanks precipitation over two 
different time periods, 1921-1950 and 
1950-1980. The basic pattern shown by 
the monthly values is unchanged across 
time: a minimum in April (no April 
showers in Fairbanks!) followed by 
a steady rise through the maximum in 
August, then a slow decrease to the 
following April with a weak secondary 
maximum in December or January. The 
exact time of the secondary maximum 
shifts over the years and is probably 

linked with the shifts in the exact timing 
of short-term temperature fluctuations 
(see TNE Vol. 16, No.1). 

Fairbanks Monthly Mean Precipitation, Inches 
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The magnitude of the January maxi
mum in 1921-1950 is heavily influenced 
by a single year: January 1937 had 6.71" 
(170.4 mm) of water, from 65.6" of snow. 
The drying between the 1921-1950 
and 1950-1980 sets of means is real, and 
is due primarily to wet conditions in the 
1920s and several very dry years in the 
1970s. 

Month 1921-1950 1950-1980 
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Figure 1 shows the short-term changes 
in daily mean precipitation. This presenta
tion highli~hts some things that are not 
apparent from the monthly means alone 
- for example, the very sharp increase in 
precipitation around the 1Oth of June, and 
the variability of winter precipitation. 
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Mean Daily Precipitation in Fairbanks, Sept. 1949-Dec. 1980. 
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What causes these abrupt changes? Can the 
sharp peaks be due to single years with 
major thunderstorms, or do the peaks 
actually represent periods with unusually 
frequent heavy precipitation? 
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The winter peaks and troughs (Novem
ber through mid-February) occur at the 
same time as the peaks and troughs of 
winter temperatures (TNE Vol. 16, No.1). 
There appears to be a strong tendency for 
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Frequency of Precipitation Exceeding Various Amounts in Fairbanks 
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cold-dry and warm-wet weather to alter
nate in winter with a period of four to six 
weeks. The exact timing of the temp
erature peaks and troughs may shift from 
decade to decade, so it is probable that 
the precipitation maxima shift with time as 
well. The late February temperature rise, 
however, is associated with lower than 
normal precipitation -another indication 
that there is something peculiar going on 
during the late February - early March 
period. 

The "summer monsoon" precipitation 
maximum is most easily examined with 
the aid of two more charts (Figs. 2 and 
3). These charts show the fraction of the 
years from 1949 through 1980 with daily 
precipitation of at least the value with 
which each line is labeled. These values 
have been lightly smoothed, like the means 
on the temperature chart in the previous 
issue of TNE. For an idea of exactly how 
much smoothing has been applied, look 
at the black area in August in Figure 3. 
This area represents a single day out of 
the 31 years (just before the Fairbanks 
flood of 1967, to be exact) during which 
over 3" of rain fell. Without smoothing, 
the black area would be one day wide and 
3.2% instead of .9% high. The area of 
black would be unchanged. 

By comparing Figure 1 with Figures 2 
and 3, it becomes obvious that most of the 
"monsoon" rains are due to episodes of 
more than a tenth of an inch a day. The 
frequency is high enough to confirm that 
there is a true high precipitation period 
from about June 10th to September 5th. 
The fluctuations within that range may 
or may not be significant. The cause 
of this rather abrupt summer rainfall 
plateau is not known at the present time. + 

Copies of all of the charts shown are 
available from Dr. Sue Ann Bowling, 
Geophysical Institute, University of Alas
ka-Fairbanks, Fairbanks, AK 99701. Sim
ilar charts can be constructed for many 
other locations in Alaska. Interested per
sons should contact Dr. Bowling; if the 
data base is adequate, the graphs will be 
generated and sent without charge. 
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FISH, WILDLIFE, PIPELINE: 
some perspective on protection 

by Thomas A. Morehouse 

Caribou confront the trans-Alaska pipeline. (Alaska Cooperative Wildlife Research Unit photo by Dan Roby.) 

Seven years after oil began pumping 
through the trans-Alaska pipeline, strong 
opinion still exists about how well fish 
and wildlife were protected during con
struction of that pipeline. Before the pipe
line was built, its possible effects on 
animals and fish along the route were 
among the most publicized and controver
sial aspects of the proposed project. Ulti
mately, a joint federal-state organization 
was established specifically to protect fish 

and wildlife during pipeline construction; 
that organization was part of broader 
monitoring systems established by both 
the federal and state governments to en
force technical and environmental stand
ards the pipeline builders had agreed to 
meet. 

Near the end of construction, in 1977, 
the U.S. Fish and Wildlife Service con
tracted with researchers at the University 
of Alaska's Institute of Social and Eco-

nomic Research tostudyhoweffectivethe 
fish and wildlife protection organization 
had been, and what factors had influenced 
its effectiveness. This article summarizes 
some of the findings of the institute's de
tailed report, published in 1978. 

The findings of this report are still of 
interest because the pipeline project re
vealed many difficulties and uncertainties 
of large-scale construction in the Arctic. 
No one knew exactly what conditions 

Dr. Thomas A. Morehouse is a professor of political science at the Institute of Social and Economic Research, University of 
Alaska-Anchorage. He holds degrees (B.A., M.A.) from Harvard and earned his Ph.D. in political science at the University of Minne
sota. This article is based on a report, Fish and Wildlife Protection in the Planning and Construction of the Trans-Alaska Oil Pipeline, 
prepared for the US. Fish and Wildlife Service by Dr. Morehouse, Robert A. Childers, and Linda E. Leask. 
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would be like along the 800-mile pipeline 
route, and government monitors, including 
fish and wildlife monitors, received little 
guidance on how to do their jobs. In many 
cases they learned as they went-and what 
they learned will be invaluable for any 
future large projects in Alaska. The re
searchers looked mainly at the federal 
government's involvement in the planning 
and building of the pipeline, but also to 
some extent at state planning and surveil
lance activities. 

The Planning Period: 1969-1973 

In 1969 a group of oil companies pro
posed to build a pipeline that would carry 
North Slope oil 800 miles south across 
Alaska to the port of Valdez. Along the 
way the pipeline would cross large areas 
of permafrost, several mountain faults, 
hundreds of rivers and streams, and habi
tats of dozens of kinds of wildlife. It would 
be partly above and partly below ground; 
it would have to be capable of withstand
ing temperature extremes of from more 
than 50 degrees below zero to 90 degrees 
above. The proposed pipeline would be 
the largest privately financed project in 
history. 

The oil companies needed federal and 
state approval of the massive project; 
about two-thirds of the land the pipeline 
would cross was federal and the remainder 
state. But a number of national environ
mental organizations opposed the project, 
maintaining that its potential effects on 
Alaska's lands and waters were impossible 
to gauge. Court suits brought by these or
ganizations blocked federal approval of 
the project for four years, until Congress 
passed the Trans-Alaska Pipeline Authori
zation Act in late 1973. During this delay, 
government pipeline planning and policy 
making was dominated by two basic for
ces: conflicts between energy development 
and environmental protection objectives, 
and jurisdictional claims and counter
claims among government agencies at both 
state and federal levels. Also involved were 
questions of the relative extent and limits 
of federal and state government authority 
and differing philosophies of government 
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responsibility for the regulation of private 
industrial development. The general out
comes of this complex of forces were: 

1. Energy development objectives 
had priority over, but did not ex
clude, environmental protection 
objectives. 

2. Agencies at both federal and state 
levels whose capabilities and in
terests were most consistent with 
the development priority tended 
to dominate in the pipeline plan
ning and construction surveil
lance processes. 

3. The federal government effective
ly asserted primary control over 
pipeline surveillance matters, 
and the State of Alaska played a 
secondary role-except in the ar
ea of fish and wildlife protection. 

4. Government responses to the oil 
companies' interests in pipeline 
construction tended overall to 
be facilitative, but government 
also demanded assurance of the 
structural integrity of the pipe
line, which, in turn, helped assure 
longer-run environmental integ
rity. 

Early on, the Department of the Interior 
became the lead agency for pipeline plan
ning. Interior's Bureau of Land Manage
ment (B LM). with jurisdiction overfederal 
lands along the prospective right-of-way, 
began working in 1969 in Alaska with the 
oil companies planning the project. 

Reflecting an early federal government 
emphasis on protecting the environment 
during pipeline construction, the BLM's 
resource management staff led an inter
agency effort in 1969 to prepare environ
mental "stipulations" that the pipeline 
builders were to meet in construction and 
operation of the line. Representatives of 
fish and wildlife agencies were involved in 
writing these stipulations and in the next 
several years also took part in preparing 
the environmental impact statement re
quired for the pipeline project under the 
National Environmental Policy Act. 

But even as the environmental stipula
tions were being written, the seriousness 
of permafrost, seismic, river crossing and 
other technical-engineering problems be
came ever more apparent, and Interior's 
U.S. Geological Survey was drawn increas
ingly into pipeline planning. In 1970, it 
was determined that a set of technical 
stipulations should be developed in addi
tion to the environmental stipulations, 
and government emphasis shifted to basic 
technical problems affecting pipeline in
tegrity. Also, assuring pipeline integrity 
came to be seen as the best means of 
protecting the environment in the long 
run. This shift in emphasis led to fish 
and wildlife agencies in Alaska having 
less active and direct roles in the plan
ning process than they had had in 1969 
and 1970, before engineering problems 
overshadowed more subtle environmental 
concerns. 

Construction Period: 1974-1977 

When the federal government approved 
construction of the pipeline, the Interior 
Department created the Alaska Pipeline 
Office (APO), and the state established the 
State Pipeline Coordinator's Office (SPCO) 
to oversee construction across state lands. 
In early 1974, the state and federal govern
ments and the oil companies making up 
Alyeska Pipeline Service Company signed 
right-of-way agreements outlining techni
cal and environmental stipulations that 
the pipeline builders were to meet. The 
state and federal governments also signed 
a cooperative agreement calling for joint 
protection of fish and wildlife along the 
route. This provision led to the formation 
in May 1974 of the Joint Fish and Wild
life Advisory Team (JFWAT). made up 
of biologists from the Alaska Department 
of Fish and Game, the U.S. Fish and Wild
life Service, the National Marine Fisheries 
Service, and the Bureau of Land Manage
ment. 

JFWAT was to advise the two broader 
surveillance organizations on how best to 
protect fish and wildlife during pipeline 
construction. The team's office and field 
staffs could make recommendations to 
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the APO and SPCO, but had no authority 
to direct Alyeska to take action. All posi
tions of authority in the Alaska Pipeline 
Office during construction were held by 
engineers who determined if Alyeska was 
meeting required standards and, if not, 
what actions Alyeska should be directed 
to take. 

Although advisory, the biologists 
brought with them some of the statutory 
authority of their home agencies, and this 
authority- particularly the Alaska Depart
ment of Fish and Game's authority to 
restrict activities in anadromous fish 
streams-together with the team's unique 
joint structure that placed it somewhere 
between the separate surveillance organi
zations, gave the team a degree of indepen
dence from those it advised. 

Field staffs of the Alaska Pipeline Of
fice and the State Pipeline Coordinator's 
Office oversaw daily construction. The 
authorized officer's field representatives 
(AOFRs) were responsible for enforcing 
technical and environmental stipulations 
of the federal right-of-way agreement, but 
their duties also included assuring that the 
pipeline was build "promptly" and weigh
ing "environmental amenities and values 
with economic practicalities so as to be con
sistent with applicable national policies."1 

The state field surveillance officers (FSOs) 
had similar responsibilities on state lands 
the pipeline crossed. 

These field chiefs and their fish and 
wildlife advisors were given copies of the 
state and federal right-of-way agreements 
and told to base field decisions on the 
provisions of these documents. 2 

The heads of the APO and SPCO could 
approve deviations from many of these 
stipulations if they felt field conditions 
justified such deviations. 

Government field monitors hired early 
in construction received little instruction 
on interpreting and applying the environ
mental provisions and stipulations of the 
right-of-way agreements. 3 As one AOFR 
explained, "Nobody knew enough to give 
us those kinds of instructions." A monitor 
for the Joint Fish and Wildlife Advisory 
Team recalled that "my boss pointed to a 
map and said, 'You have this much of 
Alaska to minimize impact on.' " There
fore, federal and state monitors used their 
own judgments based on experience in 
deciding what constituted a "minimum" 
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effect on fish and wildlife, what effects 
would be avoided, and what measures the 
pipeline builders should be required to 
take to protect resources along the route. 

The AOF Rs and JFWAT field monitors 
met regularly with their supervisors in 
Anchorage to discuss questions of inter
pretation and applications of stipulations 
and to establish uniform policies, but the 
monitors maintain that individual judg
ments played significant roles in monitor
ing throughout construction. 3 

The stipulations that were most rele
vant to the fish and wildlife monitors were 
ones that directed the pipeline builders to 
"provide uninterrupted and safe passage 
of fish" and "assure free passage and 
movement of big game animals" during 
construction and after the pipe was in 
place. Below we describe, based on inter
views with AOFRs and their JFWAT ad
visors, problems that occurred at stream 
crossings and in construction of big game 
crossings and the different ways in which 
the government monitors assessed these 
problems. 

STREAM CROSSINGS 

The trans-Alaska pipeline and the 360-
mile North Slope haul road cross about 
1,000 streams and rivers, roughly half of 
these fish streams.4 Because the pipeline, 
work pad, haul road, access roads, and 
materials sites crossed or were near such a 
large number of fish streams, the field staff 
of JFWAT spent much of its time monitor
ing effects of construction on water sys
tems along the route. Advisors cited silting 
of rivers and streams, improperly con
structed and incorrectly used low-water 
crossings, improperly placed or inadequate
ly sized culverts in streams, and erosion as 
common problems. 5 

Most of the problems reported by 
JFWAT occurred when the work pad or 
haul road crossed streams, rather than 
when the pipe itself was installed across 
streams or rivers. Problems with culverts 
and low water crossings that JFWAT re
ported did not meet fish passage require
ments were sometimes not corrected for 
as long as two years. 

Researchers asked AOFRs and JFWAT 
monitors why so many problems occurred 
when the pipeline system crossed small 
streams and why the problems took so 
long to solve. 

Federal and state biologists said many 
of the common problems at stream cross
ings originally occurred because so little 
was known about a number of the streams, 
particularly those north of the Yukon 
River. When Alyeska submitted, and APO 
(with JFWAT review) approved, plans for 
drainage structures at streams, the struc
tures were based on very limited knowl
edge about individual characteristics of 
hundreds of streams along the route. More 
information about these streams was 
gathered during construction. 

But JFWAT monitors and AOFRscited 
many reasons why problems at some small 
stream crossings persisted throughout 
much of construction. JFWAT monitors 
attributed the persistent problems to the 
following reasons: 

1. Many AOFRs gave priority to pipe
line construction and were unwilling to 
press Alyeska to correct fish passage prob
lems within the time JFWAT asked. 
JFWAT monitors reported that each year 
they prepared lists of items -drainage 
structures blocking fish passage, for ex
ample-that they recommended 
be corrected before breakup. 
The Alaska Pipeline Office 
would pass these lists 
to Alyeska, but the 

pipeline builders often did not 
complete the work by the designated date. 
Fish and wildlife advisors noted that sev
eral AOFRs made frequent reference to 
the fact that "Congress had mandated" 
that the pipeline be built "expeditiously" 
and asked the JFWAT advisors to show 
that "irreparable damage" to fish or habi
tat would occur if the work was not done 
by the designated time. Said a JFWAT 
monitor, "We were always on the defen
sive, always being asked to 'prove' what 
damage would occur if certain work wasn't 
done in a timely manner." Another 
JFWAT monitor reported, "One AOFR 
told me he felt the pipeline should be 
built first, and drainage structures correct
ed later." 
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2. Size of a stream and kinds of fish in 
the stream influenced how quickly many 
AOFRs would ask the pipeline builders to 
co"ect a fish passage block at a drainage 
structure. Several JFWAT monitors noted 
that most AOFRs reacted more quickly 
to solve fish passage problems in a salmon 
spawning stream, for example, than in a 
stream known to contain only sculpin. 

JFWAT monitors also reported that 
many AOFRs did not recognize the im
portance of very small fish streams as hab
itat. "We had trouble convincing AOFRs 
that a stream maybe 18 inches wide and a 
few feet deep is excellent fish habitat" and 
that the "better fish habitat" along the 
pipeline route is in the small streams rath
er than the large rivers. Another JFWAT 
monitor noted that an AOF R had express
ed doubt that a stream dry during certain 
times of the year could be an important 
fish stream. 

3. Obvious fish blocks usually got quick 
attention from AOFRs; more subtle effects 

of construction often did 
not. Several JFWA T 

monitors reported 
that most 

AOFRs would directAiyeska to take some 
action "if they could actually see fish 
behind a culvert," whereas they would not 
press Alyeska "to remove work pad mate
rial that had eroded into a stream channel 
and altered the natural stream bottom." 

4. Pipeline builders sometimes had to 
return to the same stream several times to 
co"ect drainage structure inadequacies. 
JFWAT monitors felt this situation occur
red at some streams because: JFWAT/APO 
and Alyeska -Originally had inadequate 
knowledge about what kinds of drainage 
structures would be needed on some 
streams; Alyeska's quality control program 
failed to insure that culverts or low water 
crossings were installed according to ap-
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proved designs; and some AOFRs did not 
require Alyeska to correct drainage struc
tures "in a timely manner" when it be
came apparent they were not installed 
according to approved designs. 

AOFRs, on the other hand, attributed 
problems that persisted at some small 
streams, throughout much of construction 
to these reasons: 

1. If no "worsening environmental 
degradation" or "i"eparable harm" was 
occurring because of a problem JFWAT 
documented at a small stream crossing, 
work on that crossing could be defe"ed. 
As one AOFR explained, "Every year we 
would give Alyeska a list of items JFWAT 
recommended be completed before break
up, and Alyeska would say they would do 
it. Then they wouldn't do some of the 
items by breakup, and we would tell Aly
eska to do the items before fall freezeup. 
Alyeska would say they would do them. 
Then they wouldn't ... Why did we let 
them do this? Because we felt there was 
no worsening of environmental degrada
tion, the pipeline had to be built, and we 
knew they would be required to do the 
work when construction slowed down." 

Several AOFRs noted it was their re
sponsibility "to balance environmental 
amenities and values with economic prac
ticalities." One AOFR said, "I had to de
cide, is it warranted to ask Alyeska to 
bring a crew back from other work to re
place this culvert now, or if the situation 
is not worsening, to let them wait until 
later?" AOF Rs reported that they and 
JFWAT monitors frequently disagreed 
about whether "irreparable harm" to fish 
and habitat was occurring because of these 
delays, but that as chiefs of the govern
ment monitoring staff, the AOFRs had 
the responsibility for making decisions 
about what Alyeska would be required to 
do and when. 

2. JFWAT monitors sometimes asked 
for replacement of drainage structures 
based on insufficient evidence that the 
structure did not meet government require
ments. One AOFR reported that some 
JFWAT monitors "would measure speed 
of flow through a culvert following a heavy 
rain in an area of the pipeline where heavy 
rains happen only a couple oftimes a year, 
and the high flows last one or two days. 
If you measure the speed of flow at that 

time, can you really say the culvert is too 
small, that it's blocking fish?" 

Several AO F Rs also said that they were 
reluctant to direct Alyeska to replace a 
structure that had been previously ap
proved by APO and JFWAT, unless 
JFWAT presented strong evidence that 
the approved st~ucture did not meet gov
ernment specifications. They had to decide, 
"Does the evidence justify asking Alyeska 
to spend $10,000 to replace that culvert 
that we had approved?" The AOFRs ex
plained that in previous construction proj
ects, government inspectors (primarily 
from the Corps of Engineers) whose ac
tions could be proven to have unneccessar
ily cost a private construction contractor 
money or time had been held liable in 
courts of law for damages. 

3. Some stream crossings presented 
problems that were not easily solved, de
spite directions from the AOFRs and at
tempts by Alyeska. As one AOFR said, 
"Many of these problems happened at 
streams that presented tough situations ... 
the arctic is a place with unique engineer
ing problems." 

BIG GAME CROSSINGS 

One of the most emotional issues de
bated by national environmental groups 
and the oil industry before construction 
began was whether elevated pipe would 
block movements of Alaska's big game 
animals, particularly caribou and moose. 
Caribou herds seasonally move across 
about 400 miles of the pipeline corridor. 
Moose are found along all but about the 
most northerly 75 miles of the pipeline 
route. Bison live in the Delta area, and 
brown and black bears inhabit many areas 
of the route. Based on some studies and 
observations, government biologists took 
the position that moose would probably 
cross under the pipe, if it were high enough, 
but that caribou would not; they assumed 
bears and bison would pass under the pipe. 

Before work on the pipeline began, 
state and federal biologists agreed on 
standards for construction of big game 
crossings. These included: 

In areas occupied or traversed by 
moose or bison, pipe must be eleva
ted to a minimum of 10 feet beween 
the top of the working pad and the 
bottom of the insulated pipe for 
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linear distance of 60 feet at intervals 
of approximately 1 ,000 feet. How
ever, such elevated sections shall be 
adjusted to coincide with those loca
tions that are most often used by 
moving moose and bison ... In areas 
traversed by caribou, pipe must be 
buried to accommodate caribou 
movements. 6 

These standards were formally passed 
to Alyeska in March 1974, and the APO 
and the SPCO notified Alyeska later that 
the government monitoring agencies would 
enforce these standards. Early in 1974, 
biologists from state and federal agencies 
and Alyeska's environmental protection 
department designated several hundred 
locations in areas of elevated pipe where 
buried and elevated crossings would be 
needed. In August 1975, Alyeska issued a 
document listing these designated cross
ings; originally about 445 crossings were 
to be built, but several necessary changes 
demanded by field conditions increased 
that number to about 550. 7 

Records of APO and JFWATshowthat 
of 224 crossings built in 1975, 88 elevated 
crossings were less than 10 feet high and 
of 326 built in 1976,69 were too low. 8 

JFWAT attributed the incorrect con
struction of these big game crossings to 
failure of Alyeska's quality control pro
gram.9 APO cited insufficient quality 
control and "many other field factors," 
including the fact that actual ground ele
vations were sometimes not as indicated 
on construction drawings. 10 In a Decem
ber 1975 audit, Alyeska's quality assur
ance department reported designated 
crossings of "insufficient height" had been 
built due to "ground elevations not as de
picted on plans; the computer program 
could not correct erroneous ground eleva
tions; [the document listing the crossings] 
was not transmitted to construction until 
late in the effort; engineering allowed 
some changes of pad and/or pipeline eleva
tions that did not consider wildlife cross
ing criteria; some were construction over
sights. " 11 

In the fall of 1975, JFWAT drew up a 
plan outlining how the pipeline builders 
could correct these crossings: 
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All errors of 0.5 feet or less may be 
corrected by excavating the work 
pad. 
a. Errors of 0.5 feet or greater re-

quire that the split ring be reset to 
specifications, or 
b. where consistent with environ
mental and technical stipulations the 
work pad may be excavated to meet 
the minimum ... distance, or 
c. where necessary both a. and b. 
above. 
Errors that are not able to be cor
rected by excavation and/or reset
ting of the split ring may require 
reconstruction of the big game 
crossing. 12 

JFWAT took the position that unless 
geotechnical considerations precluded it, 
necessary excavation should be done 
across the width of the pad, rather than 
just under the pipe, to create a "window" 
for animals approaching the crossing. 13 

APO and SPCO supported excavation 
across the width of the pad wherever 
possible. 13 

There were disagreements in the field 
between JFWAT and other government 
monitors on methods of excavation. Some 
monitors felt the need for a 1 0-foot high 
crossing did not justify substantial exca
vation of the work pad. They said this 
excavation might present hazards to the 
integrity of vertical support members and 
the pad's driving surface, and that some ex
cavated crossings would require frequent 
maintenance. Others supported the 
JFWAT position that the need to maintain 
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the required 10-foot height did justify 
excavation. Many of these questions were 
ultimately resolved by upper level JFWAT, 
APO, and SPCO officials meeting with 
representatives of Alyeska's environmental 
protection department. 14 

Most of the approximately 150 cross
ings that were built less than 10 feet high 
were corrected through excavation of the 
work pad; about 50 substitute crossings 
were designated. 15 In a few cases, split 
rings on vertical support members may 
have been raised before pipe was installed. 
(The height of the split ring on a vertical 
support member determines the height of 
installed pipe.) JFWAT reported that no 
installed pipe was raised at any of the 
crossings. 

The two JFWAT wildlife biologists who 
worked closely with the big game crossing 
problems said that public discussion of 
the need for the crossings and the publicity 
that appeared concerning the improperly 
constructed ones strengthened their re
quests for remedial work on the crossings, 
particularly in 1976.16 Even so, remedial 
work on some crossings was not done for 
a year or more after it was discovered that 
they were too low. 

COMPARISONS AND CONTRASTS 

There were similarities and differences 
in the way problems that occurred at 
stream crossings and in construction of 
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Correction of problems at stream crossings 

and big game crossings was sometimes 

delayed from one to two years. 

game crossings were handled by the mon
itoring agencies. 

1. Stream and river systems crossed by 
the pipeline are complex, and problems 
that occurred at some streams during con
struction involved many factors and re
quired individual solutions. Many of these 
solutions involved judgments on the part 
of JFWAT monitors and AOFRs. What is 
the best way to solve this problem? When 
should it be solved? How much should we 
direct the pipeline builders to do? What is 
minimum impact? Problems at stream 
crossings were handled largely by field 
monitors day to day. Because JFWAT 
monitors frequently had little information 
about individual streams, their recom
mendations (particularly early in construc
tion) were often based more on general 
biological judgment rather than detailed 
information on effects of construction on 
a stream. Some AOFRs accepted the fish 
and wildlife advisors' assessments of con
struction effects on streams and decided 
what Alyeska should be required to do 
and when. 

2. Government standards for elevated 
big game crossings were simple-the cross
ings had to be 60 feet long and 10 feet 
high. Most of the crossings built incorrect
ly were constructed lower than the re
quired height; they represented essentially 
a single set of problems that could be 
solved in a limited number of ways. AI-
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though there were differences in the way 
fish and wildlife advisors and other gov
ernment field monitors viewed big game 
crossing problems, far less judgment was 
involved in monitoring these static cross
ings than in dealing with individual, ever
changing streams. 

3. There were disagreements among 
JFWAT monitors and AOFRs about 
whether methods of correcting the low 
big game crossings were justified in light 
of construction and economic considera
tions, just as there were disagreements 
about whether proposed methods of cor
recting problems at stream crossings were 
justified in light of other considerations. 
JFWAT monitors saw their job primarily 
as protecting fish, wildlife, and habitat, 
while other government monitors saw 
their job as assuring that a sound pipeline 
was built as quickly and economically as 
possible, with minimum environmental 
damage. Given little instruction on inter
pretation and application of the stipula
tions, individual AOF Rs and JFWAT mon
itors developed their own systems of 
monitoring based on education and past 
experience, and widely varying methods 
of handling fish and wildlife problems re
sulted. 

4. Correction of problems at stream 
crossings and big game crossings was some
times delayed from one to two years. 
AOFRs were willing to defer correction 
in favor of construction progress, if they 
judged "no worsening environmental deg
radation" or "irreparable damage" was 
occurring because of the delay, and other 
construction work was more critical. The 
question in the field became: What damage 
is actually occurring due to this situation? 
Since JFWAT monitors often had no de
tailed information about effects of con
struction on fish and wildlife, they relied 
largely on a strict interpretation of the 

stipulations and application of established 
criteria under varying circumstances. 
AOFRs often felt the stipulations were 
meant to be applied according to specific 
field conditions and questioned whether 
some stipulation violations reported by 
JFWAT were actually causing damage to 
the environment. Thus, JFWAT monitors 
were frequently asked to show what dam
age was occurring, rather than whether 
established criteria were being met. 

CONCLUSIONS AND 
RECOMMENDATIONS 

Participants in future development
surveillance projects will bring to their 
work a much higher level of awareness of 
potential problems and strategies for deal
ing with them as a result of the trans
Alaska pipeline experience. 

The pipeline project represented a 
precedent-setting advancement in the art 
of integrating environmental values into a 
major development project. It presented 
an extraordinary learning opportunity for 
all participants, even though the pressures 
of construction time and scheduling im
posed severe limits and constraints. Harsh
er critics of pipeline surveillance, who were 
also participants in it, were able to retain 
a positive sense of involvement: 

Despite the frenetic pace, physical 
strain, and a not-always cheery won
lost record, a number of JFWAT 
biologists, myself included, came 
around to enjoy the challenges of 
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the mammoth project, especially 
the feeling of being in the forefront 
of attempting something unprece
dented in history. In particular, 
many of us have been quite acutely 
aware of the potential for influenc
ing patterns and standards that might 
be adopted for future oil and gas 
pipeline construction surveillance in 
Alaska, Canada, and elsewhere. 17 

Substantive accomplishments of the 
fish and wildlife agencies show up as part 
of the general advancements made in incor
porating environmental stipulations and 
criteria into the basic rules governing the 
design and construction of the pipeline 
project. Particularly significant among the 
fish- and wildlife-related elements of these 
new rules were the "construction win
dows" that specified permissible times for 
construction activity affecting particular 
habitats, standards for big game crossings, 
and stream-culvert velocity criteria. Even 
with the slippage between standards and 
performance, the formal incorporation, 
application, and monitoring of these new 
rules represents tangible progress in the 
state of the art. 

Conclusions 

National energy development priorities 
defined by the Administration and Con
gress, together with the high cost of delay, 
emphasized the need to bring Prudhoe Bay 
oil to U.S. markets as soon as possible. 18 

Although construction was not officially 
mandated until passage of the Trans
Alaska Pipeline Authorization Act of 
1973, there was a substantial de facto 
commitment to the project, and conse
quent momentum behind it, from an early 
point in the planning process. Further, 
apart from the legal blocks, the major ob
stacles to construction were technological; 
resolving permafrost, seismic, and other 
geotechnical problems was considered a 
key to preventing environmental damage. 
Thus, environmental protection was sub
ordinated to the overriding construction 
goal, basic environmental problems were 
defined in engineering terms, and govern
ment surveillance authorities were reluc
tant to demand strict compliance with 
environmental stipulations, particularly 
where this might delay construction. 

Major premises of the surveillance sys
tem were that Alyeska would design the 
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pipeline and monitor its construction. 
Government's role could then be limited 
to reviewing Alyeska's designs and spot
checking the effectiveness of its quality 
assurance/quality control (OA/OC) pro
gram. Alyeska's performance was unsatis
factory, however, in both design and 
monitoring phases. Government planners 
found it necessary, therefore, to become 
deeply involved in Alyeska's design and 
engineering work prior to project authori
zation, and government monitors had to 
assume first-line environmental monitoring 
responsibilities. The effects were to con
centrate government's attention on tech
nical-engineering elements of the project 
and to overextend government staff in all 
aspects of monitoring, but particularly in 
fish and wildlife and other environmental 
protection activities. 

Multiple agency involvement in pipeline 
planning and construction was unavoid
able, given the existing statutory authori
ties and responsibilities of several federal 
and state agencies in areas of fish and 
wildlife management, pollution control, 
land management, pipeline safety, and 
others. Inefficiencies were mitigated, how
ever, by concentrating authority in B LM's 
pipeline division during the planning 
period and in the Alaska Pipeline Office 
during the construction period. But the 
pattern of diverse, independent bases of 
authority served positive functions: It 
forced Interior policy makers (and Alyes
ka) to deal with and accommodate differ
ent values, interests, and objectives 
represented by the various agencies, and 
helped moderate the dominant technical
engineering and construction concerns. 
Fish and wildlife agencies, therefore, had 
to be taken into account and accommo
dated to a greater extent than might other
wise have been the case within a more 
fully consolidated surveillance system. 

It was a particularly significant accom
plishment on the part of the fish and wild
life agencies that JFWAT was established, 
developed its own identity, and served 
effectively as a vehicle for bringing home 
agency authority and influence to bear 
within the broader surveillance organiza
tion. Having the benefits and protective 
coverings of their home agencies, the 
JFWAT biologists were at the same time 
remarkably successful in shedding restric
tive aspects of their separate agency affilia-

tions and working together in a mutually 
supportive, close-knit group. Similarly, 
FWS officials remained persistent in pro
moting their interests, which had to be 
taken into account if not accommodated 
as often as those officials would have 
wished, during the planning phase. 

In a more restrictive hierarchical sys
tem, with more concentrated attention to 
more exclusively defined development 
goals, it is unlikely that fish and wildlife 
protection values and interests would have 
the influence that they did in this case. 

Recommendations 

Surveillance Organization: JFWAT was an 
organizational anomaly that worked. Its 
location "between" the federal and state 
surveillance decision makers reinforced 
rather than weakened its influence, even 
though its formal role was advisory. 
JFWAT lacked engineering expertise and 
construction experience, however, and this 
weakened its credibility and aggravated 
communication problems between the 
biologists and the engineers. 

Recommendations for a future surveil
lance organization are: 

1. Organize the fish and wildlife pro
tection functions within a joint federal
state team advisory to both federal and 
state surveillance authorities, as was done 
in this case. 

2. Expand the joint team's jurisdiction 
to cover all related environmental protec
tion functions; the team should include 
staff members detailed from the Environ
mental Protection Agency and the Alaska 
Department of Environmental Conserva
tion. 

3. Make civil engineering, hydrologic, 
and other appropriate technical expertise 
available in-house to the environmental 
protection team. 
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Caribou attempt an overpass cross
ing of a mock oil pipeline during a 
preliminary test of big game cross
ings. (Alaska Cooperative Wildlife 
Research Unit photo byKen Child.) 

4. Include design review, technical sup
port, environmental monitoring, and tech
nical evaluations in the joint environmen
tal team's functions. 

Monitor Training: Government monitors 
interpreted stipulations in different, 
inconsistent, and contradictory ways. 
Even when adequate information was 
available, different monitors assessed en
vironmental effects differently, depending 
on the relative weights they placed on 
protecting a particular habitat, saving time 
and money, or simply avoiding unpleasant 
,encounters, among other factors. The 
occasions of inconsistent and contradic
tory applications of the stipulations could 
be reduced in future projects. 

Recommendations for training moni
tors for future large projects are: 

1. Biologists and engineers should par
ticipate in a joint training program to 
familiarize each group with basic problems, 
processes, and techniques of the others' 
profession as applied to environ mental 
monitoring of construction projects (e.g., 
construction at stream crossings and 
effects of construction-related disturban

ces on fish streams). 

2. Monitors should receive training in 
stipulations enforcement. This training 
should include explanations of rationales 
for stipulations, representative case appli
cations, methods of interpretation and 
uses of discretionary authority, and rela
tionships between stipulations and existing 

statutes. 
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3. Monitors should be trained in 
methods of data collection and analysis, 
including sampling and testing (e.g., water 
velocities, turbidity). necessary to demon
strate serious violations of environmental 

stipulations. 19 

Monitoring Process: Fish and wildlife and 
other government monitors were sent to 
the field with little more than the charge 
to "enforce the stipulations." Most of the 
JFWAT monitors had little or no experi
ence in construction projects, and only 
limited knowledge of related physical 
processes potentially affecting fish and 
wildlife resources. There was great incon
sistency among monitors in defining prob
lems, in scaling them for significance, and 
in determining what actions should be 
taken to resolve them. Moreover, the biol
ogists (as well as other monitors) were 
often perplexed and frustrated by the lack 
of clearly defined roles, authorities, and 
procedures in the field. Lines of communi
cation were often tangled; messages were 
frequently distorted, delayed, or blocked 
as they were passed through the circuitous 
channels from JFWAT monitor to AOFR 
to central office to Alyeska to execution 
contractor to construction foreman to 

laborer. 
Recommendations for improving the 

monitoring process in the future are: 

1. Develop field manuals for all moni
tors. These should include basic informa
tion on mitigative techniques such as ero
sion control; types of soils; selection, uses, 

and maintenance of material sites; fish 
passage structures; sampling and testing 
methods; monitoring procedures; docu
mentation requirements; and background 
discussions of environmental concerns 
such as sensitivity of fish to blasting at 
different life stages, significance of culvert 
velocity criteria, and sensitivity of nesting, 
lambing, spawning, and other critical bio

logical habitat. 

2. Establish criteria and procedures for 
reporting violations of project stipulations 
and follow-up action on such reports. 

3. Authorize AOFRs (or their equiv
alents) to communicate directly and offi
cially with execution contractors in the 
field to resolve immediate problems that, 
in the AOFRs' judgment, require such 

direct action. 

4. All field monitoring documents in
cluding field logs should include reference 
to specific stations and alignment sheets 
for each entry; all field monitors should 
keep logs; and follow-up actions on report
ed violations should be fully documented. 

Fish and Wildlife Information: Project 
and environmental information are inter
related elements of a comprehensive data 
base for a surveillance program. In this 
case there were serious deficiencies in both 
kinds of information. It is unrealistic to 
expect that information will ever be com
plete for all the purposes it ideally serves 
in project planning and monitoring. What 
can be expected, however, is that precon-
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struction planning identify the likely 
range of information needs, determine 
what is known and what is not known, 
and establish priorities for filling critical 
information gaps. The environmental 
impact statement (EIS) process is the 
logical place systematically to assess the 
adequacy of project, environmental, and 
impact information; to evaluate the 
benefits and costs of higher levels of in
formation; and to suggest priorities for 
pre-construction, construction, and post
construction study programs. 

Recommendations concerning fish and 
wildlife information development are: 

1. Use the EIS process to plan a com
prehensive information development pro
gram, including analysis of trade-offs 
between higher information levels and 
expedited construction. 

2. Within the framework of such a 
plan, set preconstruction research require
ments as appropriate for additional stream 
surveys, studies of fisheries, characteristics 
of big game, and habitat surveys of poten
tially endangered species and of related 
critical biological areas. 

Industry Responsibility: Effective govern
ment surveillance depends on how well 
industry fulfills its reponsibilities for de
signing a project and monitoring con
tractor construction work in the field. 
Industry's incentives to assure the struc
tural integrity of a project are greater, 
however, than its incentives to assure addi
tional degrees of environmental protection 
beyond that which follows as a by-product 
of structural integrity. Thus, government 
must impose reasonable environmental 
protection requirements on industry and 
effectively enforce them. In these matters, 
there was considerable slippage on both 
government and industry sides in this case. 

Recommendations in the area of indus
try responsibility for effective design and 
monitoring are: 

1. Initiate project criteria and prelim
inary design development at the earliest 
possible time. 

2. Government should provide detailed 
environmental criteria (such as the stream
culvert velocity, big game 1 crossing, and 
construction window standards used in the 
pipeline case) to permittees at an early 
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date, and require their inclusion in project 
criteria and design. 

3. Early in the planning phase, establish 
a complete reference library containing 
supporting technical and environmental 
documentation for all design submissions 
and maintain this documentation through
out construction. Locate this library in 
the city where the government surveillance 
organizations are based. 

4. The right-of-way agreement or other 
authorizing instrument should require that 
fully acceptable quality assurance and 
quality control programs must be approved 
before issuance of notices to proceed. In 
addition to those mandatory criteria listed 
in section nine of the trans-Alaska pipeline 
agreement, government should require: 

• a quality control organization struc
turally separate from construction man
agement at every level; 

• appropriately trained and adequately 
staffed environmental and technical qual
ity control components; 

• field level authority to stop work, with 
orders issuable directly to execution con
tractors; 

• establishment of varying but definite 
times for clearing reports of stipulation 
violations, including requirements for field 
checks of actual corrections; and 

• periodic government audits of quality 
control organization and documentation, 
and notification to AOFRs of all stipula
tion violations reported and stop-work 
orders issued. 
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Alaska's 
Energy Policy 

in a Global 
Context 

An Informal Tour 
of a Modern Maze 
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by Arion Tussing 

WORLD ENERGY FUTURES 

How one looks at Alaska's energy policy choices depends mainly on 
one's perceptions of what world energy markets will look like over the next 
10 to 20 years. Some of the perceptions that stood behind the State's poli
cies during the late 1970s and the early 1980s now need to be reassessed. 
Specifically, we should look again at the notion that we face a long-term 
tightening of energy markets worldwide, and that oil prices (and, hence, the 
value of Alaska's fossil fuel resources) will continue to increase without letup. 
It is time to reexamine the belief that Alaska can look forward to brighten
ing prospects for energy-related export ventures which could, in turn, sustain 
economic growth in the. state. 

Arion R. Tussing is professor of economics at the University of Alaska's Institute 
of Social and Economic Research, Anchorage, and president of ARTA, Inc., Seattle. 
Tussing is well known for his impressive record in the past few years for controversial 
but accurate forecasts in the energy pricing market. He is co-author of "The Natural 
Gas Industry: Evolution, Structure, and Economics." 
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This belief rests on a fundamentally flawed picture of the 
world energy outlook and Alaska's energy-related opportunities. 
It reflects, at best, a myopic view of the events of the 1 970s. The 
last few years showed that lasting and worsening energy traumas 
are not inevitable, at least in the short term. And a look at the 
cycles and trends of energy prices over the preceding hundred 
years calls into question doomsday rhetoric for the long term, 
as well. 

History shows us that oil prices, in particular, are violently 
cyclical, at least without an overwhelming regulatory presence like 
that of the Texas Railroad Commission between 1935 and 1972. 
Oil is a commodity and, like soybeans or copper, its price fluctu
ates annually and over longer periods. If we look at 130 years of 
crude-oil prices in the United States, we find no long-term trend; 
that is, the overall pattern is pretty flat - with an average some
where on the order of $14 a barrel in today's prices. But we also 
find dramatic short-term fluctuations: prices have moved up or 
down an average of about 20 percent per year. 

Perhaps the most important lesson to be gleaned from these 
historical statistics is that there is no confident basis upon which 
to forecast oil prices in the year 1990, 1995, or 2000. It is not 
inconceivable that prices will again reach down to the levels 
prevailing before 1972 - less than $10 per barrel in today's 
dollars -or that spot prices could for a nonce reach $50 or more. 
The important point is that even if, as I suspect, $15 is about the 
"right" price for the long run, $15 is not a stable "equilibrium" 
that provides a basis for long-term business or public planning. 

In the years before 1973, the energy establishment assumed, 
perhaps unconsciously, that there was such an equilibrium be-

cause the Texas Railroad Commission had been stabilizing domes
tic (and, with the help of the Seven Sisters, global) oil prices for 
decades. From 1935 to 1972, the average annual change, up or 
down, in U.S. constant-dollar crude-oil prices was only about 4 
percent. The Commission wielded such power because Texas 
producers controlled and contained the bulk of the world's 
discretionary oil-producing capacity. Texas authorities could 
increase production enough to cover ·any surge in demand result
ing from a world-wide economic boom; they could also slowdown 
production to prevent a petroleum glut and consequent price 
crashes. 

As a result, we were blessed with 35 to 40 years of stable oil 
prices. In a sense, it was a fool's paradise that gave rise to the 
conviction that there was indeed a long-term equilibrium price 
of oil. Stability led to complacency, and the world shifted almost 
totally to dependence on oil for its industrial, electrical-generation, 
and transportation fuels. During the 1 960s, for example, Japan's 
oil consumption expanded at a compound rate of 18 percent per 
year. Even in Europe, a 7 percent compound growth rate prevailed. 

Reality obtruded in the early 1 970s, however, when Texas 
(and Louisiana) ran out of the spare producing capacity that 
allowed state conservation authorities to use their power over 
production rates to prevent the Middle Eastern crises of 1954, 
1957, and 1 967 from causing more than a ripple in prices. The 
disturbances of 1973-74 touched off a consumer panic which 
produced a run-up of spot-market prices. The oil-producing 
nations of the Middle East then voluntarily and individually 
reduced their production (without any urging or direction from 
OPEC) and reduced their exports to a degree that sustained prices 
at the spot-market levels reached at the peak of the panic. The 
initial price run-up had so inflated their revenues that they didn't 

These sections of pipe were being moved from storage yards at along the 800-mile trans-Alaska pipeline route. (All pipeline 
Fairbanks, Valdez and Prudhoe Bay to intermediate storage sites photographs courtesy of Alyeska Pipeline Service Company.) 
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know what to do with it all. During this period, even Alaska's 
government leaders suspected that the era of rising oil prices 
meant that oil left in the ground would yield a higher and more 
secure return than any conceivable investment founded on today's 
cash proceeds from oil production. 

A similar progression of events unfolded in 1979. This time, 
however, the market panic that arose from the Iranian Revolution 
was not even a response to an actual cutoff in supplies. The supply 
shrinkage happened only after prices went up, and the cutback 
was engineered in Saudi Arabia - not in Iran. This second oil
price shock pushed prices to a level that was self-defeating. The 
oil states had now largely priced oil out of the world's industrial 
fuel markets. 

At any price above $20 in today's dollars, there is no market 
for oil as an industrial bulk fuel or for the generation of electri
city, wherever coal or natural gas is available. Coal from new mines 
in North America shipped through new terminals in new ships can 
be burned in new plants with scrubbers or other technology suffi
cient to meet the tightest environmental standards, at any tidewater 
site in the world, and still undercut $20 oil. The nearly unlimited 
availability of coal in the long run therefore ultimately sets a 
price cap on oil somewhere below $20 a barrel. 

By the same token, as long as oil is priced anywhere above 
$20 per barrel, industries throughout the world will continue to 
reduce their consumption of oil in favor of coal (or natural gas, 
or other energy resources with favorable local economics). The 
world, after all, has no need for any specific energy commodity. 
All that civilization requires are the calories for light, heat, and 
motive power, and simple hydrocarbon molecules to serve as the 
building blocks for making more complex organic chemicals. For 
each of these used, established technology offers several candidates, 
and liquid petroleum will remain the fuel or feedstock of choice 
in each one of them only where and for so long as it is the cheapest. 

The price run-ups of the 1970s were thus not the product of 
terminal resource depletion, but only artifacts of a too-long 
suppressed commodity cycle. Such cycles are inevitable, however, 
because fuel-use decisions are incorporated in long-lived capital 
goods, like transportation equipment, buildings, industrial pro
cesses, and appliances. Periods of short supply give way to buyers' 
markets and vice versa because neither production nor demand 
can react instantaneously to changed circumstances, but they do 
unfailingly react and, because of the delay and uncertainty of the 
reaction, they tend to overreact. 

The reactions and overreactions to the market conditions of 
the 1970s still have plenty of momentum. Even today's economic 
recovery does not bode well for oil producers and other energy 
purveyors struggling with a glutted market. Revival carries with 
it some short-term consumption gains, but it means mainly a more 
rapid replacement of fuel-inefficient vehicles, buildings, industrial 
machinery, and appliances by durables designed in a high-price, 
energy-conscious environment. 

WPPSS AND 
OTHER PUBLIC ENERGY PROBLEMS 

A number of public power agencies that made long-term in
vestments based on the faulty wisdom of the immediate past now 
find themselves in deep trouble. The public power agencies of 
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western North America, for example, embarked on a very large 
construction program because they anticipated higher and higher 
alternative fuel prices and because they assumed that electricity 
demand was largely insensitive to price. The Washington Public 
Power Supply System (WPPSS) invested in a nuclear future. Pri
vate utilities and public power agencies in several Western states 
invested in expensive coal-fired plants, while British Columbia's 
public power agency pushed forward a massive scheme for hydro
power development. 

These agencies are now finding, however, that the power 
simply is not needed in their own districts. Worse yet, nobody 
else needs it either, at least at prices proportional to the debt 
service they incurred in construction. High prices have depressed 
demand, and even higher prices for incomplete and abandoned 
plants could provoke a dangerous "death spiral," in which utili
ties attempt to charge higher per-unit prices as demand falls, which 
exacerbates their sales losses. 

A nuclear plant, for example, has an enormous embedded 
fixed cost. But once it is built, its operating costs are trivial. 
What this means is that in a supply surplus, the utility and its reg
ular consumers benefit from sales to marginal and off-system cus
tomers, so long as they pay anything at all in excess of variable 
operating costs. The same is true - even more so - with a hydro 
project like Susitna whose fixed costs per kilowatt of capacity 
are greater, and its operating costs per kilowatt-hour of sales even 
less, than is the case for nuclear generating stations. 

Consider these events: British Columbia Hydro, facing a 
huge surplus of power it cannot sell within the province at a price 
that will recover its costs, has executed a long-term sales contract 
with the Los Angeles Department of Water and Power. The city 
will use the imported power to displace oil- or gas-fired generation. 
Meanwhile, Bonneville Power Administration has been offering 
its surplus hydropower to California utilities for what it perceives 
to be their "avoided cost" for fossil-fuel generation - about 4.5 
cents per kilowatt-hour - even though fixed-cost amortization 
for the WPPSS plants may run about 12 cents. BC Hydro offers 
its hydro surplus for less than 3 cents, however, whereupon t!'le 
administrator of Bonneville (sounding like one of the villainous 
private-power magnates of yore) says: "Our transmission lines are 
not common carriers and we have no obligation to carry power 
for others to the detriment of our own marketing program." 

Now what does BC Hydro do? It goes shopping around the 
State of Washington, reminding those utilities who are tied to 
the Bonneville system that Bonneville is going to jack up their 
rates to cover the costs of the recently completed and soon-to
be abandoned nuclear plants. BC Hydro then offers to sell power 
to these utilities in the future for a substantial discount off 
whatever price Bonneville charges. Ironically, BC could sell to 
some of Bonneville's regular customers in the Northwest with
out obtaining access to Bonneville's lines. Seattle City Light, 
for example, has transmission lines extending to the Canadian 
border; this utility would probably be delighted, moreover, to 
"wheel" British Columbia Power for the Snohomish PUD, various 
aluminum companies, and other customers that are now captives 
of Bonneville. Bonneville's latest attempt to avoid a cutthroat 
battle over the California market has been to propose itself as 
leader of a cartel of potential suppliers. 
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This situation arises because Northwest utilities and public 
power agencies are all troubled by excess capacity bearing high 
fixed costs. But at least they do have options for wooing export 
sales. Susitna wouldn't even have this safety valve. 

The parable of today's Northwest power surplus also illus
trates the general state of world energy markets. Everywhere we 
turn, inter- and intra-fuel competition is more intense than at any 
other time in living memory, and the potential for price-cutting 
wars exists in many quarters. Oil markets have yet to succumb to 
panic and disorder on the way down (as they twice did during the 
1970s on the way up), but every OPEC country without excep
tion has a growing budget deficit. Some of them are very poor, 
and their leaders have to cope with tremendous domestic problems 
and unrest. Once a price war breaks out, they will exhibit little 
discipline in cleaving to the production and price mandates that 
OPEC may issue. 

OUTLOOK FOR 
THE YUKON-PACIFIC PLAN 

The present and continuing surplus in world oil markets has 
implications for Alaska's export energy dreams. The Yukon-Pacific 
plan for exporting North Slope gas is based on the notion that the 
Japanese and Koreans will surely wish to purchase Alaska's gas 
(transported through a high-cost pipeline) even though utilities in 
the Lower 48 do not. Project promoters point to the quest in the 
Orient for energy diversity and for reduced dependence on Middle 
Eastern energy sources. Even if this remains a major goal, Japan 
and Korea are still looking for diversity at the lowest possible 
price relative to Persian Gulf oil. 

And therein lies the glitch. Future oil prices are wholly un
certain and, as I mentioned earlier, a price rout is not inconceiv
able sometime in the near future. Investors today, whether they 
be North American or East Asian, will not touch any new oil
displacement project that could not survive a continued downward 
drift in oil prices for maybe another ten years. No one is going 
to risk $20 to $30 billion on an LNG export project whose cost 
recovery demands stable or even upward-trending oil prices. 

Worse yet, Middle Eastern oil is no longer the strategic com
petitor to international LNG schemes. Huge surpluses of flared or 
shut-in gas are available to Pacific Rim markets from tidewater 
locations that do not need an all-Alaska pipeline, or its counter
part in Canada. It is gas-to-gas competition that will henceforward 
determine the export value of North American LNG. The value to 
Japan of a new LNG supply may in some sense be worth the price 
of the crude-oil imports it displaces, but the huge global inventory 
of undeveloped gas reserves means that a Japanese company 
would be foolish to promise that much. Is it reasonable, in other 
words, to expect Japanese or Koreans to offer a price for Alaska 
gas sufficient to cover a $30 billion pipeline when gas is still 
being flared in the coastal oil fields of Mexico, Saudi Arabia, and 
Indonesia, and while the USSR, Malaysia, China, and a host of 
other countries have discovered but unexploited coastal reserves 
of "non-associated" gas? 

CHOICES FOR ALASKA 

What is going on outside of Alaska does indeed affect energy 
choices in this state. Anyone who thinks that a very expensive, 
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capital-intensive hydropower project is justified by the expecta
tion of further increases in the price of fossil fuels, and that 
Alaska's natural gas and coal are more valuable as exports than as 
domestic fuels, is taking the risk of replacing the lowest-price 
thermal energy in North America with about the highest-cost 
large-scale electrical generation anywhere in the world. 

Alaska's economic prospects are already shaky because of the 
state's utter dependence on its oil exports. There is risk of further 
crippling the state with huge capital investments, like Susitna, 
that may not be able to pay for themselves. Repeating on a larger 
scale the hydro project problems in southeast Alaska is really 
asking for trouble. If oil prices five years from now are inherently 
unpredictable, however, and long-lived megaprojects like Susitna 
unacceptably risky, how can a community plan its own energy 
future? 

Foremost, the choice of energy alternatives must be tied to 
the life cycle of the equipment in question. Diesel generators and 
combustion turbines have an advantage over highly capital-in
tensive projects like most hydro or nuclear power plants because 
a utility can write off the equipment in a relatively short time. 
The bulk of the cost of power generation with such initially low
priced installations is fuel. Thus, if demand is less than anticipated, 
the utility can shut down the generators (thereby saving fuel costs) 
without suffering high recurring fixed costs for debt service. If 
oil proves to be an unattractive fuel source in some future year, 
diesel generators or turbines can be mothballed or even retired 
with comparatively little financial trauma. Conversely, if power 
demand grows faster than expected, the utility can buy such oil
or gas-fired equipment practically "off the shelf" and have it 
installed in a matter of months. 

The argument for many high-cost energy-supply ventures 
rests on the proposition that they will pay for themselves in 20, 
30, or 50 years, even if they are uneconomic at the beginning. It 
should be obvious, however, that projections of energy "needs," 
fuel costs, and technical options extending more than 20 years 
are merely convenient fictions, and they should have little credi
bility as the basis for today's investment decisions. A utility or a 
public entity considering laying out a lot of money on a big 
central-station generating plant on the basis of a 20 to 50 year 
cost-benefit calculus should, at minimum, look at the "downside" 
risks. It should not, for example, launch big hydro or nuclear 
programs unless facility construction is justified by the lowest 
reasonable power-demand and oil-price forecasts. One element 
continually missing from the Power Authority's Susitna assess
ments is, however, a clear explanation of the consequences for 
Railbelt ratepayers, the State's fiscal position, and Alaska's econ
omy if the demand and fuel-price projections of its carefully 
selected forecasters turn out to be wrong. 

One effective way around the dangers of backing the wrong 
horse in power generation is to have a variety of generating tech
nologies. Ideally, utilities should use a different technology for 
their base-load generation from the ones they use for peaking or 
reserve capacity. Small communities, obviously, have fewer 
opportunities for diversification. In the Railbelt, nevertheless, 
a mix of technologies is certainly attainable -although the likely 
price and availability of natural gas in the region may well argue 
for a concentration in gas power over the planning horizon. 
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NATURAL GAS AND 
ALASKA ENERGY DEMAND 

Not everybody agrees with the Acres, Battelle, and Kentco 
reports that rejected natural gas as a fuel for the Railbelt on the 
theory that its price in Alaska will be tied to a rising oil-import 
price in Japan. The export market is probably not the decisive 
element, whether or not that market for gas grows. Right now, 
the proved reserves of gas in Cook Inlet are equal to something on 
the order of 70 years of Anchorage-based demand at today's 
level, and at least 20 years if the gas-consuming industrial plants 
on the Kenai and the present LNG export facility are included. 
That's a lot of energy security by anyone's standards. Neverthe
less, there is little likelihood that today's proved reserves contain 
all that will ever become accessible to Southcentral Alaska. As 
long as reserves represent more than 10 or 15 years of future pro
duction, it just doesn't pay the oil companies to search for gas or 

Aerial view of Devil Canyon. (Photograph by Eric Yould.) 
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to drill up known prospects that are not yet considered proved 
reserves. 

In any case, enough gas has already been discovered to serve 
Anchorage basin gas-utility demand and Rail belt electrical demand 
at lower cost than Susitna power, at least through the rest of the 
century. In a sense, this outlook enables Railbelt citizens and 
their utilities to put off the need to choose among high-capital 
cost options. Cook Inlet gas will be there at an acceptable cost for 
as long as it's worth thinking about. 

Years ahead, when and if Cook Inlet gas is truly nearing de
pletion, there will be plenty of time to look at alternatives, in
cluding coal, medium-size hydro projects like Bradley lake and 
perhaps even megaprojects like Susitna, Cook Inlet tidal power or 
a new, less troublesome generation of nuclear plants. But now is 
not the time to consider them as realistic planning alternatives or 
to spend tens of millions of dollars each year in the engineering, 
promotional, or research and development efforts on options that 
may not even be in the running when something new is really 
needed. When the gas begins to run short, the Railbelt will have 
plenty of warning, and you can bet that technological options 
are going to be a lot more varied and sophisticated 1 0 or 15 
years in the future than they are today. 

COST OVERRUNS 

In addition to the danger of long-lasting supply and price 
commitments attendant to high-cost, capital-intensive energy 
projects, these ventures pose notorious dangers of cost overruns 
during the construction period. Cost overruns can triple or quad
ruple project costs. They are, of course, a management problem 
and they are subject to the swings of inflation and interest rates. 
But there is a far more insidious problem; the forces and rationales 
within the community that press for these megaprojects are indif
ferent to costs. More precisely, the demand within Southeastern 
Alaska for state-funded hydro projects was based more on the 
short-term payroll effects than on future energy needs. And 
because of this, there is a tendency for the boomer factions in 
Alaska's public life to act as if the bigger and more expensive 
the project, the better it will be for the state. 

The big thrust for Susitna indeed arises not so much because 
there is a respectable case for it as an investment in Alaska's 
distant future, but rather because it involves enormous spending 
in the near term. The more costly it is, the more jobs it would 
"create," and the more popular it becomes with everyone who 
perceives it will be built with somebody else's money. Susitna 
is the most popular project in the neighborhood precisely because 
it is the biggest. In this context, the forces that select these proj
ects can be expected to undermine any will on the part of a com
munity's political system to control costs. It would be incon
ceivable, in light of the principal motivation for building the proj
ect, that the Power Authority would be allowed to hold costs 
down by hiring Korean construction firms to build Susitna with 
Pakistani (or even non-union American) labor. 

Consider the Four-Dam Power Pool in Southeast Alaska. 
Every stupid disaster connected with that project was warned a
gainst by outside consultants, by skeptical legislators, and even 
by Power Authority staff. The projects were too big, they were 
goldplated, they were incompetently managed, and they were 
built without power-sales commitments or long-term financing. 
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Even those legislators from the affected communities, who under· During that period, labor rates for construction ran ahead of infla· 
stood the problems, nevertheless voted to approve them, because it tion. Environmental, safety, and other technical regulation was 
was clear that the communities to be served by the dams would becoming more complex and demanding. 
bear none of the costs of overbuilding. Anyone who looked Everybody, therefore, chronically under· 
thoughtfully at those programs (and there were many) knew that estimated "as-built" costs, construction 
they were overbuilt and that the cost of power, if it was market· times, and interim financing costs. 
able, would exceed what a smaller project could have yielded, and Now, tight money, surplus capacity, 
would in fact exceed the costs of diesel alternatives. The Power and the collapse of unrealistic expectations 
Authority went ahead anyway with the explicit or tacit consent about future energy prices have given us a 
of both branches of state government because the true thrust of global and national construction-services 
the program was to spend construction dollars. The Power Au· market (outside Alaska anyway). bids are 
thority thus let itself get into the position of trying to do well coming in under the owner's engineering 
what shouldn't have been done in the first place. estimates and projects are coming in under 

Alaskans will naturally regard construction as a "basic" budget and on time. The era of inevitable 
industry as long as it is sustained largely by federal appropria- massive cost overruns and delays is over, 
tions, big oil companies, or a seemingly bottomless state treasury, along with the energy crisis and the boom 
and wherever the members of the impacted community are not and shortage periods of the 1970s. But this 
clearly responsible (through taxes, utility rates, or bonded indebt- outlook may not carry much hope for 
edness) for the costs of overcapacity, gold plating or pyramid unneeded or ill-timed projects. Cost over
building. In Alaska's present political mood, checks and balances runs can be expected to continue for public 
are both weak and unpopular. It would be too bad, however, if projects in Alaska as long as there is no will 
the only effective check on construction boondoggles turns out to control costs, as long as state funds 

to be a deep economic slump, accompanied by a are treated as if they belong to 
wave of defaults on state-sponsored ventures. nobody, and as long as those who 

Let me conclude with a half-upbeat note. make the go-ahead decision don't 
No longer are huge costs overruns in- bear the responsibility for ul

evitable or even likely on every big timate costs. Cost overruns 
project. will be the norm as long 
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In the 1970s, macroeconomic as state-funded projects, 
conditions doomed large and particularly hydro 

construction projects projects, are advocated 
everywhere to cost largely as public works 
overruns. General programs to keep the 

inflation was construction industry in 
accelerating, business and growing. + 
and interest 

rates were 
moving in 

track. 
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Remote Sensing in the North 

A QUICK-LOOK AT NEW FEATURES 

by John H. Miller, Thomas H. George, and Jan Zender-Romick 

In previous articles in this series of Remote Sensing in the 
North, we have mentioned many instances in which satellite 
imagery has helped find things for which we or others were 
looking- icebreaker tracks, cordwood resources, icing occur· 
rences. Sometimes, however, what we find on the images amounts 
to a Whazzat? Instead of answering questions, the data pose 
them. We are then forced to answer the questions the old
fashioned way: we go out and look. 

THE QUICK-LOOK SYSTEM 

The University of Alaska-Fairbanks owns and operates 
Landsat image recording equipment at the National Aeronautics 
and Space Administration's Gilmore Creek satellite tracking 

station near Fairbanks. Since April 1982, the University's equip
ment has been collecting near real-time multispectral scanner 
(MSS) data from Landsats 3 and 4, primarily for research re
lating to short-term events. The recording equipment is a micro
processor-based system capable of storing up to 20 full MSS 
scenes on disk for later playback, enhancement, and production 
of film products. Processing consists of correcting the inherent 
imbalance of sensor and film characteristics, custom contrast 
enhancement and enlarging the images. Subscenes can be en
larged digitally in increments of two, four or eight times. Color 
Polaroid pictures and monochrome images on a laser film re
corder are produced routinely within an hour of a satellite pass. 
High-quality color reconstitutions are generated in a photo lab 
for special cases, and require an extra day or two to produce. 

We distribute either the 
imagery or derivative products 
to the users by means of air 
courier or mail, depending on 
the response time required, 
hence the name for our proj
ect, "Quick-Look." Users can 
look at Landsat data days or 
weeks before it becomes 
routinely available through 
federal government archives. 
Normally, prospective users 
arrange in advance for cover
age of an area at a time that 
meets their needs. Potential 

Figure 1. Landsat image 
taken in March 1983 of the 
area near the convergence of 
the Tanana and Yukon rivers. 

The article is based on a paper presented at the 17th International Symposium on Remote Sensing of Environment, Ann Arb?r, 
Michigan, 9-13 May 1983. John M. Miller, Thomas H. George, and Jan Zender-Romick are with the Northern Remote Senszng 
Laboratory at the Geophysical Institute in Fairbanks. 
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Figure 2. An aerial photo of the wind-blown dust from river 
sandbars at Squaw Crossing. 

coverage is calculated from combinations of path/rows to define 
a "surveillance window." We provide imagery acquired during a 
window opening for a fee of $125 plus delivery costs, if any. 
For this fee the users receive data enhanced or enlarged to meet 
their special applications. Users may also obtain data retrospec
tively; that is, they may purchase photographic copies of nega
tives on hand for the cost of data reproduction. 

The Quick-Look project is funded by the University of 
Alaska, and State agencies are among the system's major clients. 
For example, the Division of Forestry acquired imagery to 
monitor the progress of land-clearing at the Delta agricultural 
project, and to evaluate wildfires on State lands near Delta and 
the major burn at Rosie Creek near Fairbanks. 

FEATURES AFIELD 

In addition to the use of Quick-Look data to monitor more 
familiar events, real-time data acquisition offers us the opportu
nity to learn more about some surprising features that have not 
previously been recognized. On March 25, 1983, we acquired an 
image that showed a dust plume being carried 40 km downwind 
from Squaw Crossing, 195 km west of Fairbanks near the mouth 
of the Tanana River (Fig. 1). Several other features on the image 
piqued our curiosity, and we arranged for an aerial reconnais
sance. 

Figures 2 through 4 were obtained from a light-aircraft sortie 
conducted after the satellite pass but while the same weather 
pattern persisted. The observer noted that the wind responsible 
for the blowing dust was transporting material from the river 
sandbars at Squaw Crossing approximately 500 m into the air 
(Fig. 2). In the source area, active barchan dunes-the crescent
shaped features one associates with the great deserts - had 
formed on top of the river ice, and a massive dune was building 
in the forest just downwind of the river channel. The albedo of 
the snow in the lee of Squaw Crossing was noticeably reduced, 
and it appeared as if vegetation in the area was being influenced 
by these recurring dune-building processes. This has provided an 
additional topic for new research in the life sciences. 

The same Landsat image also shows a dark tone on the 
northwest corner of Fish Lake. From the overflight, we could 
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Figure 3. Dark area on Fish Lake (upper left) was confirmed to 
be windswept ice; the area shows clearly on the Landsat image. 

see that this corner was windswept ice, while the rest of the 
lake had at least a partial snow cover (Fig. 3). We had antici
pated this explanation for such dark spots on lakes, but had 
never previously confirmed it. 

Some features we had not suspected were the ice forms on 
the Yukon River north of Squaw Crossing. Figure 4 shows some 
large areas of dark, smooth ice in the middle of the river. We 
are not sure of the explanation for these features, but they ap
pear to have frozen more slowly than the rest of the river, 
leaving a series of concentric rings. In addition, side streams fed 
by ground water had been "glaciering" and building delta-like 
deposits of ice on top of the frozen river. Both types of features 
are visible on the Landsat images, once we know what to look 
for. 

Much remains to be understood about these observed fea
tures, and we cheerfully encourage other specialists to undertake 
investigations. We are discovering that the ability to investigate 
the more interesting events as they happen can aid our under
standing of subtle physical processes, many of which may not 
have been previously recognized. A quick response by observers 
deployed in the field could generate new knowledge as well as 
enhance more effective interpretation of Landsat and other 
remotely sensed data. + 

Figure 4. Concentric rings of ice on the Yukon River, visible on 
the Landsat photo (Fig. 1). Aerial photos by Thomas H. George. 
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Dr. Robert L. Rausch has received the 
first Arctic Science Prize (see TNE Vol. 
15, No.4}. Rausch, the unanimous choice 
of the Candidate Review Committee, has 
been involved with northern research 
since 1949, when he joined the Arctic 
Health Research Center in Fairbanks to 
work as a parasitologist. He worked at the 
AHRC, rising to the rank of Chief of the 
Infectious Disease Section, until the Cen
ter closed in 1974. 

His major research effort has been on 
the biology of mammals' parasites
including those that prey on humans-in 
northern Alaska and comparable areas in 
the Soviet Union. His contributions have 
been both "pioneering and voluminous," 
according to the award announcement; he 
has been author or coauthor of more than 
200 papers. 

Well known to residents of the Alaskan 
Arctic, Rausch has been recognized for 
his work nationally and internationally as 
well: he is a Fellow of five scientific or
ganizations, was recently elected president 
of the American Society of Parasitologists, 
and currently holds five appointments at 
the University of Washington. 

He will present the formal lecture sum
marizing the findings of his arctic research 
at a banquet to be held during the Third 
Conference on the Biology of the Bowhead 
Whale in Anchorage, 21-23 January 1985. 

**** 

We now understand why there were 
few complaints when we upped the sub
scription rates to TNE. The National Soci
ety of Professional Engineers announced 
early this summer that the median income 
earned from primary employers for NSPE 
members reached $43,017 as of January 
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1984. Petroleum and mining engineers 
again reported the highest median by dis
cipline; branches of government are still 
the lowest-paying employers, with salaries 
in local government at a median of 
$37,681 occupying the fiscal basement. 
Top salaries overall were in the west (in
cluding Alaska}. at $45,511, but the Big 
Apple still looks pretty juicy-New York 
led among major metropolitan areas, with 
a median of $51,300. Students who per
severe to the Ph.D. can expect about 
$10,000 more per year, going by the Janu
ary figures ($52-,000 median vs. $41,756 
for those with a B.S. in engineering}. 

The full report, NSPE Professional 
Engineers Income and Salary Survey-
1984, is available from the NSPE head
quarters: 2029 K Street NW, Washington, 
D. C. 20006. The report costs $30 for 
NSPE members, $55 for non-members
but if its contents are accurate, you should 
be able to deal with that. 

**** 

Press releases arriving here report that 
the U.S. Fish and Wildlife Service is watch
fully permitting continued petroleum ex
ploration in the Arctic National Wildlife 
Refuge. Last year's exploration program 
was monitored and followed with addi
tional studies, leading the FWS to conclude 
that an "infill" program -one designed to 
define more accurately certain complex 
geological structures that may contain oil 
and gas-of seismic exploration could be 
conducted without damaging the coastal 
plain's fish and wildlife or their habitats. 

The Service had five plans for contin
ued winter seismic exploration in the 
Refuge under review this summer; the re
view process included public hearings on 
the plans in Anchorage, Fairbanks, Arctic 
Village, and Kaktovik. 

The one plan approved was that of 
Geophysical Service Incorporated, the 
firm that conducted last winter's program. 
GSI will be using vibrators rather than ex
plosives, a technique the FWS thinks may 
present one less hazard to the environ
ment: since no shotholes will be needed, 
there is no possibility that one will become 
a crater. 

emeeting 

According to the press release received 
here, four days of programming featuring 
leading authorities on offshore mechanics 
and arctic engineering are planned for a 
symposium to be held during the eighth 
annual Energy-sources Technology Con
ference and Exhibition February 17-21 in 
Dallas, Texas, at the Loews Anatole Hotel. 

The Offshore Mechanics and Arctic 
Engineering Symposium will feature 39 
half-day sessions presenting approximate
ly 200 technical papers and two special 
presentations. 

On Monday, February 18, a morning 
session will be devoted to a panel discus
sion on "Offshore Outlook-Technologi
cal Trends." Top executives from interna
tional oil companies will give their regional 
forecasts for the North Sea, American 
Arctic, offshore Central and Latin Ameri
ca, offshore Eastern Canada, and offshore 
Southeast Asia and China. 

The second special presentation will be 
a luncheon address by Zhigang He, Vice 
President, China Offshore Petroleum En
gineering Corp., Beijing, China, on Tu.es
day, February 19. 

The technical program will cover such 
topics as: deepwater structures; advances 
in offshore structure construction tech-
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niques and operations; wave-structures-soil 
interactions; fatigue/structural mechanics; 
offshore loading/control; riser mechanics 
and mooring systems; and submarine pipe· 
lines. Also covered will be topics on: 
ocean energy; NOT/offshore inspections; 
structural damage/detection; new com put· 
er technology for offshore automations; 
arctic design and operations; permafrost 
engineering; ice mechanics and properties; 
ice-structure interactions; and materials. 
Special symposia include: Pipeline Engi· 
neering; Hydrocarbon Processing; Drilling 
and Production; Diesel and Gas Engines; 

Synfuels and Coal Energy; Industrial Pol· 
I uti on Control; Management of Energy 
Technology for Profit; and-interestingly 
enough, for a conference devoted to main· 
stream technologies -Wind Energy. 

e publications 

Modestly billing itself as "the first and 
only means of staying abreast of the latest 
developments in the field of energy
efficient building, design, and construe· 
tion" is Energy Design Update, a monthly 
newsletter for builders and architects. 
The publishers assert that their newsletter 
will review houses and plans, provide de· 
tailed construction tips, report on research 
and ideas, present summaries and evalua· 
tions of recently released products, and 
cover the relevant news. (cont.) 

The American Society of Mechanical 
Engineers is primary sponsor of this sym· 
posium. Other technical societies from 
England, Norway, Japan, France, West 
Germany, Canada, and Italy are co·spon· 
sors. 

For further information contact: Frank 
C Demarest, ETCE, P.O. Box 59489, 
Dallas, TX 75229, or call (214) 247·1747. 

e book review 
The Natural Gas Industry: 

Evolution, Structure, and Economics 

by Arion R. Tussing and Connie C. Barlow 

304 pp.; Ballinger Publishers, Cambridge, MA; $27.50 

The natural gas industry differs from its companion enterprise 
based on petroleum crude because natural gas, unlike crude, is 
difficult to store and transport by sea. Consequently, natural gas 
has not become a commodity in world trade. Only Canadian and 
Mexican natural gas resources figure in the American gas industry, 
and the combined production from these two countries in 1980 
amounted to little over 20 percent of the United States' domestic 
output. 

Before the natural gas industry developed in the United States, 
a number of urban areas received synthetic gas manufactured 
from coal or other feedstocks in the local area by the companies 
that also distributed the gas to users. When the natural gas indus· 
try evolved during the nineteenth and early twentieth centuries, 
a separation developed between producing companies and those 
involved in gas transmission and distribution. It is with the transmis· 
sion and distribution sectors of the industry that Tussing and 
Barlow primarily deal in The Natural Gas Industry, because the 
current status of the entire industry is largely a product of 
governmental controls on gas transmission and distribution. 

At the start, governmental involvement in the fledgling gas 
industry seemed natural and necessary. Transmission and dis· 
tribution companies needed eminent domain authority to lay 
pipes, they wanted franchises for protection from excessive com· 
petition and, in turn, local and state governments felt the need 
to protect the public from monopolistic overpricing. Tussing and 
Barlow trace regulatory developments from those logical precepts 
to the exceptionally complex and ponderous mishmash of regula· 
tion and incentives now in effect. 

Between 1925 and the 1970s, the industry built up a vast net· 
work of transmission pipelines to deliver gas to virtually all parts 
of the United States. In the meantime, starting in 1954, the 
federal government began fixing wellhead prices of gas flowing 
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into interstate pipelines. The fixed prices were below market 
value, leading to artificial stimulation of consumption, failure to 
develop new supplies and the apparent gas shortage of the 1970s. 
Responses to that situation included government support for a 
number of supplemental-gas projects, including the Alaska 
Natural Gas Transportation System. Congressional passage of the 
Natural Gas Policy Act of 1978 then created regulatory changes 
that spelled doom to this and other supplemental-gas projects. 

Tussing and Barlow argue that the time has come to dis· 
mantle the utility-type regulation affecting interstate gas transmis· 
sion. Fear that overpricing might result is unfounded because 
many companies now are unable to attain even the regulated limit 
on earnings from investment. The authors predict that both na· 
tural gas and petroleum crude will, during the years ahead, track 
their true market values: roughly $2.00 to $3.50 per mmbtu for 
gas and $12 to $20 per barrel for oil, in 1983 prices. (That is 
not a happy thought for Alaska's state government, depending as 
it does on high petroleum prices for most of its income.) The 
disruptions of the 1970s and early 1980s have set up a buyer's 
market, and consumers have learned how to protect themselves 
through conservation and diversification; they can use other 
energy sources such as coal and oil whenever gas prices get out of 
line. Also, now that an extensive network of natural gas pipelines 
crosses the nation, the natural gas companies can compete with 
one another. Tussing and Barlow believe that unfettered eco
nomic forces now can best propel the natural gas industry in 
directions beneficial to society. 

The Natural Gas Industry is clearly written and understand· 
able. Readers not familiar with the gas industry and with eco· 
nomics will find themselves referring frequently to the book's 
ample glossary of technical terms. The book provides information 
useful to anyone involved in the energy industry, and is must· 
reading for lawmakers who deal with energy issues. Also, anyone 
making personal investments may profit, or at least avoid mistakes, 
by absorbing the insights this book has to offer. The book will 
help any Alaskan to estimate the role the state's natural gas re· 
sources are likely to play during the decades ahead. 

Neil Davis 
Prof. Emeritus, Geophysics, UAF 
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Colorful Complaint 
Editor: 

A modest amount of controversy can enhance readership 
interest. It can also inhibit any tendency for a publication to 
take itself too seriously. I should therefore like to quibble 
about the semantics of certain statements concerning the colors 
assigned to "color infrared" images in "A Low-Cost Method 
for Inventorying Cordwood" by Stringer and Zender-Romick 
(TNE Vol. 15, No.4). 

The authors state, "Red is a bright color and the human 
eye can detect many of its different shades and hues. Therefore, 
red is chosen to represent the highly informative near-infrared." 
I believe this overstates the discrimination of red wavelengths 
by the human eye, and it misstates the reason for representing 
infrared image-components by red dyes on multicolor images. 

If an important criterion was the ability of the eye to dis
criminate subtle color differences by wavelength, the yellow
green color, not red, would have been chosen for infrared images. 
The eye is most sensitive to differences in hue and intensity in 
the yellow-green region, not in the reds (or blues). These days 
fire trucks usually are painted yellow or yellow-green in pref
erence to red. Tests show these trucks are easier to see than 
red trucks. 

Red was chosen to represent infrared components in a 
multicolor image chiefly because years ago the color-infrared 
film industry standardized the color assignments in this fashion. 
In those days the film manufacturer fixed the colors and neither 
the photographer nor the analyst could influence the color 
assignments. The following convention was adopted early on: 

Wavelength of Imaged Light Printed Dye Color 

(cont.) 

Blue 
Green 

Red 
Infrared 

None 
Blue 

Green 
Red 

Nowadays, with computer processing of digital images, the 
photo analyst has the option of a wide variety of color assign
ments for any given application. Most of the time the analyst 
chooses the standard B-G-R combination to represent G-R-1 
light, not because it is better, but primarily because it is a de 
facto standard with which his or her mind is more comfortable. 

However, there also is a psychological reason for using red 
dye to represent infrared light: the B-G-R combination pro
duces results that overall are esthetically and psychologically 
pleasing. Green leaves do appear to be red, but this is an accept
able transformation to the human soul. After all, many leaves 
turn red in the fall and we construe that as beauty. At the same 
time, bare soil or rocks usually become brownish or tan; water 
becomes black, dark blue or bluish-green (depending upon depth 
or turbidity); clouds and ice are white or bluish-white. All these 
color associations have very acceptable analogies to the real 
world. 

But, consider what psychological villains are loosed if we 
insist on green grass on a color-IR image: bare soil and rocks 
appear reddish-orange; water becomes some sick combination of 
purple or lavender; clouds and ice have a greenish tinge. Most 
people squirm at these esthetics, and the mind balks at such un
likely portrayals of prominent features of the natural terrain. 

Color perception, like beauty, is in the eye of the beholder. 
Someone may prefer the B-R-G (green leaves and purple water) 
combination instead of B-G-R (red leaves and blue water) on 
color- I R images for whatever reason. Let no one assume that is 
"wrong," de facto standards notwithstanding. My point is such 
choices are not based upon the color response of the eye, but 
the color perception of the eye-brain combination, which is 
largely subjective and influenced by preconditioned responses. 

John Miller 
Geophysical Institute 

Fairbanks 

Energy Design Update costs $107 per 
year; subscription forms come with a 
handy detachable stub for one's tax
deduction files. The newsletter may be 
ordered from Cahners Publishing Com
pany, P.O. Box 716, Back Bay Annex, 
Boston, MA 02117. 

**** 

Ballinger Publishing Company, whose 
recently released book The Natural Gas 
Industry: Evolution, Structure, and Eco
nomics is reviewed elsewhere in this issue, 
also offers some other volumes in the 
energy fields. Geopolitics of Natural Gas 

(176 pp.; $26.50), by Jeremy L. Russell, 
concentrates on Western Europe but ex
amines the global scene, including the use 
of gas as a political instrument. Soviet Oil 
and Gas to 1990 and The Market for LPG 
(236 pp.; $25.00) seems to be two books 
within one binding. The Soviet section, 
by David Wilson, contradicts CIA forecasts 
and throws into question many Western 
energy predictions, according to the pub
lishers; they also state that Geoffrey 
Drayton's report on liquefied petroleum 
gas provides an "overdue assessment" of 
how LPG is likely to be absorbed by the 
market over the next ten years. Energy 

Resources in an Uncertain Future (472 
pp.; $45.00) not only gives the current 
resource and reserve estimates for coal, 
gas, oil and uranium but also discusses 
how geologists make the estimates and 
how closely their estimates mesh with 
economists' notions of supply. The 
authors are M.A. Adelman, John Hough
ton, Gordon Kaufman, and Martin B. 
Zimmerman. 

Any of these books may be ordered 
from Ballinger Publishing Co., Order Dept., 
2350 Virginia Ave., Hagerstown, MD 
21740. Add $1.50 to the quoted price for 
postage and handling. + 
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Missing from our last issue: the appropriate disclaimer that should have 
accompanied Peter Molton's article (pp. 14-19) on converting peat to 
liquid fuel. That was: This report has been reviewed by Battelle North
west, U.S. Environmental Protection Agency, and approved for publica
tion. Approval does not signify that the contents necessarily reflect the 
views and policies of the U.S. Environmental Protection Agency, nor does 
mention of trade names or commercial products constitute endorsement 
or recommendation for use. Our apologies to Dr. Molton, PNL, and EPA 
for this oversight. 
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